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(54) BRAKING DEVICE 

(57) Connected midway a primary passage (18). 
which connects a master cylinder (14) and a braking 
cylinder (10) to each other, is a discharge side of a 
pump (16) through an auxiliary passage (20). and pro- 
vided on a portion of the primary passage (18) between 
a connection of the primary passage (18) and the auxil- 
iary passage (20) and the master cylinder (1 4) Is a pres- 
sure regulating valve (22) adapted to permit a working 
liquid from the pump (16) to leak to the master cylinder 
(14) when a discharge pressure of the pump (16) tends 
to iDe higher than a set value relative to a master cylin- 
der liquid pressure. The pump (16) is actuated during a 
braking operation and when it is necessary to generate 
a higher liquid pressure in the braking cylinder (10) than 
the master cylinder liquid pressure. 
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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to a braking system for a vehicle, and more particularly to techniques for control- 
ling a relationship between a brake operating force and a fluid pressure in a brake cylinder while a brake is operated by 
a vehicle operator. 

BACKGROUND ART 

10 

[0002] In a braking system, some elements are generally disposed in series between a brake operating member 900 
and a vehicle wheel 902, for braking the vehicle upon operation of the brake operating member 900 by a vehicle oper- 
ator, as schematically shown in Fig. 43. That is. there are disposed in series a brake operating mechanism 904, a 
booster 906, a master cylinder 908, a braking friction member 912 and a rotor 914. 

15 [0003] The brake operating mechanism 904 is adapted to transmit to the booster 906 an operating force F which has 
been applied to the brake operating member 900. The booster 906 is adapted to boost the force received from the brake 
operating mechanism 904, while utilizing a pressure, and transmit the boosted force to the master cylinder 908. As 
shown n Fig. 44. the booster 906 is able to boost the input force at a so-called "servo ratio" until a boosting limit has 
been reached, and is unable to boost the input force after the boosting limit has been reached. The master cylinder 908 

20 has a pressurizing piston, which converts the output force of the booster 906 into a fluid pressure. The brake cylinder 
910 has a brake piston, which converts the fluid pressure received from the master cylinder 908 into a force. The brak- 
ing friction member 912 is forced by the output force of the brake cylinder 910, onto the rotor 914 (brake rotor, brake 
drum, etc.) rotating with the vehicle wheel 902 to be braked, and cooperates with the rotor 914 to brake the wheel 902, 
for thereby providing deceleration G of the vehicle body 

25 [0004] The braking system is required to cause the fluid pressure generated in the brake cylinder, to be as high as 
possible with a given brake operating force. This requirement is derived from an arrangement to reduce brake squeal 
and vibration. For instance, the an-angement employs a braking friction member made of a material which has a low 
friction coefficient or a large amount of compressive strain. This arrangement results in reducing a braking effect as rep- 
resented by a ratio of the vehicle body deceleration G to the brake operating force F, as indicated in Fig. 45. To prevent 

30 the reduction in the braking effect due to the above arrangement, the brake cylinder is required to generate a fluid pres- 
sure as high as possible with a given brake operating force. 

[0005] An example of an arrangement to increase the fluid pressure in the brake cylinder is to reduce the diameter of 
the pressurizing piston of the master cylinder. However, this arrangement results in reduction in the volume for pressing 
the pressurizing piston, which increases the required operating stroke of the pressurizing piston, causing another prob- 

35 lem that the longitudinal dimension of the master cylinder is increased. Another example of the arrangement to increase 
the fluid pressure in the brake cylinder is to increase the sen^o ratio of the booster. This arrangement results in lowering 
the boosting point of the booster, as indicated in Fig. 46, so that the braking effect varies to a great extent while the oper- 
ating force F is relatively small, causing another problem that the brake operating feel is deteriorated. 
[0006] in summary, there is a limitation in an attempt to increase the fluid pressure in the brake cylinder with a given 

40 brake operating force, as long as the attempt relies on the master cylinder or booster. Thus, there has been a problem 
of difficulty to control as desired the relationship between the brake operating force and the fluid pressure in the brake 
cylinder. 

DISCLOSURE OF THE INVENTION 

45 

[0007] The present invention was made in the light of the background art described above.' It is an object of the 
present invention to provide a braking system capable of controlling the relationship between the brake operating force 
and the fluid pressure in the brake cylinder, by using another hydraulic pressure source in addition to the master cylin- 
der and the booster. 

50 [0008] The above object may be achieved by a braking system according to any one of the following modes of this 
invention, each of which is numbered like the appended claims, so as to indicate possible combinations of features in 
the two or more modes of the invention: 

(1) A braking system characterized by comprising: 

55 

a brake operating member operated by an operator of a motor vehicle; 

a master cylinder for generating a fluid pressure based on an operation of the brake operating member; 

a brake including a brake cylinder which is connected through a primary passage to the master cylinder and 
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which is activated by the fluid pressure supplied through the primary passage, to restrain rotation of a wheel of 
the motor vehicle; and 

a pressure increasing device for generating the fluid pressure in the above-indicated brake cylinder, which is 
higher than the fluid pressure in the above-indicated master cylinder, the pressure increasing device including 

5 

(a) a fluid flow control device which is disposed in the above-indicated primary passage and which has a 
plurality of selectively established states including a first state for permitting flows of a working fluid in 
opposite directions between the master cylinder and the brake cylinder, and a second state for inhibiting 
at least the flow of the fluid from the brake cylinder toward the master cylinder, 
10 (b) a hydraulic pressure source connected through an auxiliary passage to a portion of the primary pas- 

sage between the fluid flow control device and the above-indicated brake cylinder. 

(c) a hydraulic pressure source control device for commanding the above-indicated the hydraulic pressure 
source to deliver the working fluid when the fluid pressure in the above-indicated brake cylinder is required 
to be higher than the fluid pressure in the above-indicated master cylinder during operation of the above- 

75 indicated brake operating member, and 

(d) a pressure changing device for changing the fluid pressure in the above-indicated brake cylinder to a 
level higher than that in the above-indicated master cylinder, depending upon an operating force of the 
above-indicated brake operating member. 

20 

This braking system has an advantage that a relationship between the brake operating force and the fluid pres- 
sure in the braking cylinder can be controlled by a hydraulic pressure source provided in addition to the master cyl- 
inder and a booster, so that the fluid pressure generated in the brake cylinder can be easily controlled to be as high 
as possible for a given value of the brake operating force. 

25 This advantage results in reduction in the required capacities of not only the master cylinder and booster but 

also the braking friction members, making possible to effect, for example, a braking effect characteristic control for/ 
controlling the braking effect characteristic, and a brake assisting control for emergency brake application so as tp 
compensate for insufficiency of the brake operating force, without increasing loads on components of the braking 
system other than the hydraulic pressure source. 

30 Unlike a braking system wherein the fluid pressure in the brake cylinder is determined irrespective of the brake,- 

operating force, this braking system in which the fluid pressure in the brake cylinder is determined depending upon 
the brake operating force permits the brake operating force to be reflected on the fluid pressure in the brake cylirv 
der, so that the fluid pressure In the brake cylinder can be easily optimized in relation to the brake operating force.. 
The "hydraulic pressure source" in the present braking system may be a hydraulic pressure source provided^ 

35 for the braking system, or a hydraulic pressure source which is used for the other purpose, for example, a hydraulic^ 
pressure source provided for a power steering system. Further, the "hydraulic pressure source" may be a hydraulip 
pressure source of a type which stores the working fluid under a constant high pressure, for instance, a hydraulic 
pressure source including an accumulator as a major component, or alternatively, a hydraulic pressure source of a 
type which is operated as needed to deliver a pressurized working fluid, for instance, a hydraulic pressure source 

40 including a pump as a major component. However, where the "hydraulic pressure source" includes an accumulator 
as a major component, the hydraulic pressure source usually further includes a control valve which is switched 
between a state for permitting delivery of the pressurized working fluid from the accumulator and a state for inhib- 
iting the delivery. In this case, the hydraulic pressure source is controlled by the control valve, so as to be switched 
between a state in which the pressurized fluid is delivered and a state in which the pressurized fluid is not delivered. 

45 In the present braking system, the "hydraulic pressure source control device" may be adapted to activate the 

hydraulic pressure source to deliver the working fluid in one of the following instances or a combination of two or 
more of these instances: when a brake-operating-force-related quantity relating to the brake operating force has 
exceeded a reference value; when the braking operating member Is abruptly operated by the vehicle operator; 
when the boosting operation of the booster provided in the present braking system is not normal; when the boosting 

so limit of the booster has been reached; when the brake of the present braking system is suffering from a heat fade 
or a water fade; when the friction coefficient of the road surface on which the motor vehicle is running is higher than 
a reference value; when the movable load on the motor vehicle is larger than a reference value; and when the vehi- 
cle operator has showed an intention to increase the fluid pressure in the brake cylinder. 

The "brake-operating-force-related quantity" includes, for example, physical quantities relating to a brake oper- 

55 ation. such as an operating force of the brake operating member, an operating stroke of the brake operating mem- 
ber, a fluid pressure in the master cylinder, a fluid pressure in the brake cylinder, a braking force of the vehicle wheel 
and a vehicle body acceleration value, and a state relating to the brake operation, such as presence or absence of 
the brake operation. 
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In this braking system, the "pressure changing device" may be adapted, for example, to electrically or mechan- 
ically control the "fluid flow control device" so as to control the fluid pressure in the brake cylinder, or alternatively 
to control the delivery of the working fluid from the hydraulic pressure source while holding the "fluid flow control 
device" in the above-indicated second state, so as to control the fluid pressure in the brake cylinder. In the latter 

5 case, and the "hydraulic pressure source" includes a pump as a major component, the pressure changing device 
may be adapted to control the duty ratio of the electric current to be applied to a motor for driving the pump. Where 
the pump is provided on its suction side with a solenoid-operated suction valve having a state for permitting the flow 
of the working fluid into the pump and a state for inhibiting that flow, the pressure changing device may be adapted 
to control the duty ratio of the electric current to be applied to a solenoid of the solenoid-operated suction valve. 

70 Where the present braking system includes an electromagnetic pressure control device for performing an auto- 
matic pressure control function such as an anti-lock brake pressure control, as described later, the "pressure 
changing device" may be adapted to control this electromagnetic pressure control device while holding the "fluid 
flow control device" in the above-indicated second state, so as to control the fluid pressure in the brake cylinder. 

(2) A braking system according to the above mode (1). wherein the above-indicated fluid flow control device and 
15 the above-indicated pressure changing device is constituted by a pressure control device disposed in the above- 
indicated primary passage and operated while the working fluid is supplied thereto from the above-indicated 
hydraulic pressure source such that the pressure control device is placed in the above-indicated second state when 
a second fluid pressure on a brake cylinder side of the pressure control device is higher than a first pressure on a 
master cylinder side of the pressure control device by a difference which is equal or smaller than a desired pressure 

20 difference value, and placed in the above-indicated first state when the second fluid pressure is higher than the first 
pressure and when the difference is larger than the desired pressure difference value, whereby the second pres- 
sure is controlled to be higher than the first fluid pressure by the above-indicated desired pressure difference value. 

In this braking system, the pressure control device causes a surplus amount of the working fluid from the 
hydraulic pressure source to be released to the master cylinder, and at the same time changes the fluid pressure 

25 of the hydraulic pressure source on the basis of the master cylinder pressure. The working fluid externally supplied 
to the master cylinder will increase the volume of the pressurizing chamber of the master cylinder, simply causing 
the brake operating member to be returned toward the non-operated position. With the vehicle operator's brake 
operating force being kept substantially constant, the surplus amount of the working fluid supplied from the hydrau- 
lic pressure source to the master cylinder will not cause a substantial increase of the brake operating force. By pos- 

30 itively utilizing such a characteristic of the master cylinder, the fluid pressure generated in the brake cylinder is 
made higher than the master cylinder pressure by the desired pressure difference. 

In this braking system, therefore, the brake cylinder pressure is controlled on the basis of and relative to the 
master cylinder pressure, so that the master cylinder pressure is easily reflected on the brake cylinder pressure, 
whereby the controllability of the brake cylinder pressure is advantageously improved. 

35 The desired pressure difference value in this braking system may be constant or variable. Where the desired 

pressure difference value is variable, it may be changed on the basis of a brake-operating-force-related quantity 
relating to the brake operating force, alone, or a combination of this quantity and other variable(s) such as a quantity 
relating to the boosting state of the booster. 

In one form of this braking system, the above-indicated pressure control device has a valve member and a 

40 valve seat for controlling flows of the working fluid through the above-indicated primary passage between the mas- 
ter cylinder side and the brake cylinder side. While the pressure control device is supplied with the working fluid 
from the hydraulic pressure source, the valve member and the valve seat permit the flows of the working fluid in the 
opposite directions through the above-indicated primary passage between the master cylinder side and the brake 
cylinder sides. While the pressure control device is supplied with the working fluid is supplied from the hydraulic 

45 pressure source, the valve member and the valve seat inhibit the flow of the working fluid from the above-indicated 
hydraulic pressure source toward the above-indicated master cylinder when the second fluid pressure on the brake 
cylinder side is higher than the first fluid pressure on the master cylinder side and when the fluid pressure difference 
is equal to or smaller than the desired pressure difference value, and permit the flow of the working fluid from the 
above-indicated hydraulic pressure source toward the master cylinder when the fluid pressure difference is larger 

50 than said desired pressure difference value, so that the secord fluid pressure is controlled to be higher than the first 
fluid pressure such that the fluid pressure difference is equal to the above-indicated desired pressure difference 
value. 

(3) A braking system according to the above mode (1) or (2), wherein the above-indicated hydraulic pressure 
source is a pump which sucks the working fluid on its suction side and delivers the working fluid from its delivery 

55 side which is connected through the above-indicated auxiliary passage to the above-indicated primary passage. 

This braking system has an advantage that the brake cylinder pressure can be increased by using the pump 
as the hydraulic pressure source. 

In particular, the following advantage is provided where the braking system according to the present mode of 



4 



BNSDOCID: <EP_0928730AtJ_> 



EP 0 928 730 A1 



the invention includes the feature of the preceding mode. That is, where the pump is used as the hydraulic pressure 
source to deliver the working fluid directly to the above-indicated pressure control device, the pump has a charac- 
teristic that the delivery pressure of the pump depends upon the fluid pressure to which the fluid is delivered from 
the pump, and changes following a change in the fluid pressure to which the fluid is delivered. In this case, there- 

5 fore, the fluid pressure of the hydraulic pressure source more easily follows a change in the master cylinder pres- 

sure, than where an accumulator is used as the hydraulic pressure source. Thus, the braking system according to 
the present mode provided with the feature of the preceding mode is particularly advantageous in that the pressure 
control device need not be complicated in construction, in order to change the brake cylinder pressure following a 
change in the master cylinder pressure. 

70 In one form of the braking system according to the present mode of the invention provided with the feature of 

the preceding mode, there are provided the master cylinder 14 and the pump 16 as hydraulic pressure sources for 
the brake cylinder 1 0, as schematically shown in Fig. 1 . The master cylinder 1 4 generates the fluid pressure whose 
level depends upon the operating force of the brake operating member 12. and the pump 16 sucks the working fluid 
on its suction side and delivers the fluid from its delivery side. The delivery side of the pump 16 is connected 

15 through the auxiliary passage 20 to the primary passage 1 8 which connects the master cylinder 1 4 and the brake 
cylinder 10 to each other. The pressure control valve 22 (an example of the pressure control device) is provided in 
a portion of the primary passage 18 between the master cylinder 14 and a point of connection thereof to the auxil- 
iary passage 20. While the pump 16 is not in operation, the pressure control valve 22 permits the fluid flows in the 
opposite directions between the master cylinder 14 and the brake cylinder 10. While the pump 16 is in operation, 

20 the pressure control valve 22 releases a surplus amount of the working fluid from the pump 1 6 to the master cylin- 
der 14. and at the same time changes the delivery pressure of the pump 16 on the basis of the master cylinder 
pressure. Further, a pump operating device 24 (an example of the hydraulic pressure source control device) is pro- 
vided to activate the pump 16 when the fluid pressure generated in the brake cylinder 10 is required to be higher 
than the fluid pressure in the master cylinder 14, during brake operation by the vehicle operator. 

25 (4) A braking system according to any one of the above modes (1 )-(3), wherein the above-indicated hydraulic pres- 
sure source control device includes predetermined-operating-state control means for commanding said hydraulic 
pressure source to deliver the working fluid when the motor vehicle operated by the vehicle operator is in a prede- 
termined operating state. 

This braking system is advantageously capable of optimizing the relationship between the brake operating 
30 force and the brake cylinder pressure, in relation to the operating state of the motor vehicle. -^r . 

(5) A braking system according to any one of the above modes (1)-(4), wherein the above-indicated hydraulic pres- 
sure source control device includes post-emergency-brake-operation control means for commanding the above- 
indicated hydraulic pressure source to deliver the working fluid when the above-indicated brake operating member 
is operated by the vehicle operator to apply an emergency brake to the motor vehicle. v - , 

35 This braking system is advantageously capable of effecting the above-indicated brake assisting control, 

improving the safety of the motor vehicle. 

In one form of this braking system, the post-emergency-brake-operation control means is provided with emer- 
gency brake operation detecting means for detecting an operation to apply the emergency brake. This emergency 
brake operation detecting means may include, for example, means for detecting the operation to apply the emer- 

40 gency brake, by detecting a rate of change of the above-indicated brake-operating-force-related quantity (which 
may include an operating speed of the brake operating member, that is, a rate of change in the operated position 
of the brake operating member), which rate of change is higher than a reference value. Alternatively, the emer- 
gency brake operation detecting means may include means for detecting the operation to apply the emergency 
brake, on the basis of both the above-indicated rate of change (detected dynamic value) and the brake-operating- 

45 force-related quantity (detected static value). For instance, the operation to apply the emergency brake is detected 
if the operating speed of the brake operating member exceeds the reference value and if the master cylinder pres- 
sure exceeds a reference value. 

(6) A braking system according to any one of the above modes (1)-(5), further comprising a booster which is dis- 
posed between the above-indicated brake operating member and the above-indicated master cylinder, to boost an 

50 operating force of the brake operating member and transmit the boosted operating force to the master cylinder, and 
wherein the above-indicated hydraulic pressure source control device includes post-boosting-abnormality control 
means for commanding the above-indicated hydraulic pressure source to deliver the working fluid when the booster 
is not normally functioning to perform a tDOOSting operation. 

This braking system having the booster is advantageously capable of minimizing reduction of the vehicle brak- 
55 ing force in the event of abnormality of the booster. That is. the relationship between the brake operating force and 
the brake cylinder pressure can be kept optimal, irrespective of whether the booster is abnormal or not. 

The "booster" in this braking system may be a vacuum booster adapted to boost the brake operating force 
based on the difference between a vacuum pressure and the atmospheric pressure, or a hydraulic kx)oster adapted 
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to boost the brake operating force based on a hydraulic pressure. 

In one form of this braking system, the above-indicated post-boosting-abnormality control means is provided 
with boosting state detecting means for detecting a boosting state quantity indicating the boosting state of the 
booster. Where the booster is a vacuum booster, the boosting state detecting means may be a vacuum sensor for 

5 detecting the vacuum pressure as the boosting state quantity. 

(7) A braking system according to the above mode (2), wherein said pressure control device includes (a) an elec- 
tromagnetic pressure control device having a valve member and a valve seat for controlling flows of the working 
fluid through said primary passage between the master cylinder side and the brake cylinder side, and magnetic 
force generating means for generating a magnetic force which acts on at least one of the valve member and the 

10 valve seat, for controlling a relative movement between the valve member and the valve seat, so that said desired 
pressure difference value changes on the basis of the magnetic force, and (b) a magnetic force control device for 
controlling said magnetic force. 

In this braking system, the relationship between the master cylinder pressure and the brake cylinder pressure 
is controlled by controlling the magnetic force of the magnetic force generating means, so that the difference 

75 between these two fluid pressures can be freely controlled. For instance, the brake cylinder pressure can be con- 
trolled to be higher than the master cylinder pressure such that the pressure different is held constant, or such that 
the brake cylinder pressure linearly or non-linearly changes according to a predetermined characteristic with 
respect to the master cylinder pressure. 

In this braking system, the amount by which the brake cylinder pressure is higher than the master cylinder 

20 pressure in a given braking state can be made different from that in another braking state. For instance, the brake 
cylinder pressure can be made higher when an operation to apply an emergency brake is performed than when this 
operation is not performed. In this case, the above-indicated brake assisting control is effected during the operation 
to apply the emergency brake, and the above-indicated braking effect characteristic control is effected in the other 
braking state. 

25 In this braking system, the time at which the control to raise the brake cylinder pressure with respect to the 

master cylinder pressure is effected can be freely controlled, by controlling the magnetic force of the magnetic force 
generating means. In this case, the relationship between the master cylinder pressure and the brake cylinder pres- 
sure can be more freely controlled. 

In this braking system, the relationship between the pressure difference of the master cylinder and the brake 

30 cylinder and the magnetic force may be such that the pressure difference increases with an increase in the mag- 
netic force, or conversely such that the pressure difference increases with a decrease in the magnetic force. In the 
latter case, the relationship can be established by giving a spring a relatively large pre-load which acts in the direc- 
tion opposite to the direction in which the magnetic force acts, so that the pre-load is offset by the magnetic force. 
The "magnetic force control device" in this braking system may be adapted, for example, to electromagnetically 

35 or mechanically control the magnetic force. Where the magnetic force is electromagnetically controlled, for exam- 
ple, the electric current or voltage to be applied to the magnetic force generating means is controlled. 

In one form of this braking system, the above-indicated electromagnetic pressure control valve has a solenoid 
as the above-indicated magnetic force generating means, and a non-operated state and an operated state which 
are selectively established based on the magnetic force of the solenoid. In the non-operated position, the above- 

40 indicated valve member is inhibited from being seated onto the above-indicated valve seat. In the operated state, 
the valve seat is permitted to be seated onto the valve seat. The electromagnetic pressure control valve placed in 
the non-operated state permits the flows of the working fluid in the opposite directions through the above-indicated 
primary passage between the above-indicated master cylinder side and brake cylinder side. The electromagnetic 
pressure control valve placed in the operated state permits the flow of the working fluid from the brake cylinder side 

45 toward the master cylinder side when the above-indicated second fluid pressure is higher than the first fluid pres- 
sure by an amount larger than the desired pressure difference value which is based on the magnetic force of the 
above solenoid, and inhibits the flow of the working fluid from the brake cylinder side toward the master cylinder 
side when the difference of the second fluid pressure with respect to the first fluid pressure is equal to or smaller 
than the above-indicated desired pressure difference value based on the magnetic force of the above solenoid. 

50 In another form of this braking system, the above-indicated magnetic force control device includes (a) a brake- 

operating-force-related sensor for detecting the above-indicated brake-operating-force-related quantity relating to 
the brake operating force, and (b) magnetic force control means for controlling the magnetic force of the above-indi- 
cated magnetic force generating means on the basis of the detected brake-operating-force-related quantity, for 
thereby changing the above-indicated desired pressure difference value on the basis of the operating force of the 

55 above-indicated brake operating member In this respect, the "magnetic force control means" may be adapted, for 
example, to effect the above-indicated braking effect characteristic control such that the brake cylinder pressure 
increases substantially linearly with the master cylinder pressure, irrespective of whether the boosting limit of the 
booster has been reached or not. 
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In a further form of this braking system, the above-indicated magnetic force control device includes (a) the 
above-indicated brake-operating-force-related quantity sensor, (b) a boosting state detecting sensor for detecting 
the above-indicated boosting state quantity indicating the boosting state of the booster, and (c) magnetic force con- 
trol means for controlling the magnetic force of the above-indicated magnetic force generating means on the basis 
of the detected brake-operating-force-related quantity and boosting state quantity, for thereby changing the above- 
indicated desired pressure difference value on the basis of the boosting state of the booster. The "magnetic force 
control means" may be adapted, for example, to effect the above-indicated braking effect characteristic control such 
that the brake cylinder pressure increases substantially linearly with the master cylinder pressure, irrespective of 
whether the booster is abnormal or not. Described in detail, the "magnetic force control means" may be adapted, 
for example, to determine that the boosting state is normal or abnormal, on the basis of the output signal of the 
boosting state detecting sensor, and determine the desired magnetic force to be one of two values, depending 
upon whether the boosting state is normal or abnormal. Alternatively the "magnetic force control means" may be 
adapted to determine the boosting state on the basis of a deviation of the boosting state quantity from the nominal 
value, which is detected on the basis of the output signal of the boosting state detecting sensor. In this case, the 
magnetic force control means determines the desired magnetic force to be one of three or more values, depending 
upon the above deviation. In the latter case, in particularly, the magnetic force can be controlled more intricately in 
relation to a change in the boosting state of the booster, so as to compensate for the amount of reduction of the 
boosting capacity of the booster, even where the degree of abnormality of the booster is not so large as to consider 
the booster to be fatally defective. 

In a still further form of this braking system, the above-indicated magnetic force control device includes (a) fric- 
tion coefficient reduction detecting means for detecting reduction of a coefficient of friction between the above-indi- 
cated braking friction member and the above-indicated rotor, and (b) magnetic force control means for controlling 
the magnetic force of the above-indicated magnetic force generating means, so that the above-indicated brake cyl- 
inder pressure is higher when the reduction of the coefficient of friction is detected than when the reduction is not 
detected. In this respect, the "magnetic force control means" may be adapted, for example, to effect the above-indi- 
cated braking effect characteristic control such that the brake cylinder pressure increases with the master cylinder 
pressure, at a constant rate irrespective of whether the coefficient of friction between the braking friction member- 
and the rotor is detected master cylinder pressure has been reduced due to heat fade or water fade, for instance. 

In a yet further form of this braking system, the above-indicated magnetic force control device includes (a) , 
emergency brake operation detecting means for detecting an operation to apply an emergency brake, and (b) mag- 
netic force control means for controlling the magnetic force of the above- indicated magnetic force generating 
means, so that the above-indicated brake cylinder pressure is higher when the operation to apply an emergency 
brake is detected than when this operation is not detected. In this respect, the "magnetic force control means" may 
be adapted to effect the above-indicated braking effect characteristic control, for example. * t 

It is noted that the braking system according to the present mode of the invention may include the feature of * 
any one of the above modes (3) -(6). * ; 

(8) A braking system according to the above mode (7). wherein the above-indicated hydraulic pressure sourceis-a 
pump which sucks the working fluid on its suction side and delivers the working fluid from its delivery side which is 
connected through the above-indicated auxiliary passage to the above-indicated primary passage, the braking sys- 
tem further comprising an automatic hydraulic pressure control device for automatically controlling the fluid pres- 
sure in the above-indicated brake cylinder, the automatic hydraulic pressure control device including (a) a reservoir 
which is connected to the suction side of the above-indicated pump through a pump passage and which stores the 
working fluid, and (b) an electromagnetic hydraulic pressure control device which are connected to a portion of the 
above-indicated primary passage between the above-indicated brake cylinder and a point of connection thereof to 
the above-indicated auxiliary passage, the electromagnetic hydraulic pressure control device having a plurality of 
selectively established states including a state for communication of the brake cylinder with the delivery side of the 
above-indicated pump, and a state for communication of the brake cylinder with the above-indicated reservoir, and 
wherein the above-indicated magnetic force control device includes automatic magnetic force control device for 
controlling the magnetic force of the above-indicated pressure control device so as to hold the valve member 
seated on the valve seat for thereby inhibiting the flow of the working fluid from the above-indicated pump toward 
the above-indicated master cylinder, during operation of the automatic hydraulic pressure control device. 

In this braking system, the pressure control valve provided for controlling the relationship between the master 
cylinder pressure and the brake cylinder pressure is also used for automatic control of the brake cylinder pressure. 
Thus, the automatic control is performed by effective utilization of the pressure control valve without an influence 
by the master cylinder, and without an increase in the number of components of the braking system. 

(9) A braking system according to the above mode (2), wherein the above-indicated pressure control device 
includes a mechanical pressure control device including (a) a valve member and a valve seat for controlling fluid 
flows through the above-indicated primary passage between the master cylinder side and the brake cylinder side. 
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and (b) a stepped piston having a iarge-diameter portion and a small-diameter portion which receive said first fluid 
pressure and said second fluid pressure, respectively, in opposite directions, the stepped piston generating a 
mechanical force acting on at least one of the above-indicated valve member and valve seat, for controlling a rela- 
tive movement between the valve member and the valve seat, the above-indicated pressure difference value 

5 changing on the basis of pressure-receiving areas of the large-diameter and small-diameter portions of the piston 
and the above-indicated first fluid pressure. 

In this braking system wherein the relationship between the master cylinder pressure and the brake cylinder 
pressure is mechanically controlled, the relationship between those two pressures can be controlled without an 
increase in the amount of consumption of the electric power, and with a comparatively high degree of reliability. 

10 In one form of this braking system, the above-indicated mechanical control valve has (a) a housing, (b) a 

stepped cylinder bore formed in the housing and having a large-diameter portion communicating with the above- 
indicated master cylinder side and a small-diameter portion communicating with the above-indicated brake cylinder 
side, (c) the above-indicated piston slidably fitted in the above-indicated cylinder bore such that the large-diameter 
portion of the piston is formed on the above-indicated master cylinder side while the small-diameter portion of the 

15 piston is formed on the above-indicated brake cylinder side, (d) a first fluid chamber and a second fluid chamber 
which are formed on the respective master and brake cylinder sides, with the piston being fitted in the above-indi- 
cated housing, and an atmospheric pressure chamber formed between a shoulder portion of the cylinder bore and 
a shoulder portion of the piston, (e) a communication passage formed in the above-indicated piston, for communi- 
cation between the above-indicated first and second fluid chambers, (f) a communication passage shut-off valve for 

20 opening and closing the communication passage, the communication shut-off valve including a valve seat which is 
movable with the above-indicated piston and which is held in communication with the communication passage and 
open in the second fluid chamber, a valve member which can be seated onto the valve seat, a nearest -position stop 
member for defining a shortest distance between the valve member and the valve seat, and a spring for biasing the 
valve member and the valve seat toward the position of the shortest distance, and (g) an advanced position stop 

25 member provided on the above- indicated housing, for abutting contact with the above-indicated piston for defining 
a fully advanced position of the piston such that the fully advanced position is spaced a predetermined distance in 
an advancing direction of the piston from a position at which the valve member of the above-indicated communica- 
tion shut-off valve is seated on the valve seat. 

It is noted that the braking system according to this mode of the invention may include the feature of any one 

30 of the modes (3)-(6). 

(10) A braking system according to any one of the above modes {1)-(9), wherein the above-indicated hydraulic 
pressure source is a pump which sucks the working fluid on its suction side and delivers the working fluid from its 
delivery side which is connected through the above-indicated auxiliary passage to the above-indicated primary 
passage, the braking system further comprising a fluid supply device which is connected to an upstream portion of 

35 the above-indicated primary fluid passage between the above-indicated master cylinder and the above-indicated 
pressure control device and to the suction side of the above-indicated pump, for supplying the working fluid from 
the above-indicated upstream portion to the suction side of the above-indicated pump, without reduction of the 
pressure of the working fluid. 

For the pump to deliver the pressurized working fluid, utilizing the working fluid from the upstream portion of 

40 the primary passage, it is considered to arrange the braking system such that the high-pressure working fluid from 
that upstream portion is once supplied to and stored in a reservoir under a pressure substantially equal to the 
atmospheric pressure so that the working fluid is then pumped up from the reservoir by the pump and delivered 
therefrom to the brake cylinder side. According to this arrangement, however, the working fluid pressurized by the 
master cylinder is lowered by the reservoir and is then pressurized by the pump. In the braking system according 

45 to the above mode (1 0), on the other hand, the working fluid pressurized by the master cylinder is pressurized by 
the pump, without reduction of the pressure of the working fluid by the reservoir, whereby the operating response 
of the pump is improved in the present braking system as compared with that where the working fluid once lowered 
is pressurized by the pump. Further, the pump is required to increase the pressure of the working fluid from the level 
of the master cylinder pressure by a desired pressure difference. Accordingly, the reduction of the required capacity 

50 of the pump and the energy consumption are easily achieved. 

One form of this braking system further comprises an automatic hydraulic pressure control device for automat- 
ically controlling the fluid pressure of the above-indicated brake cylinder, the automatic hydraulic pressure control 
device including (a) a reservoir which is connected to the suction side of the above-indicated pump and a pump 
passage and which stores the working fluid, and (b) an electromagnetic hydraulic pressure control device which is 

55 connected to a portion of the above-indicated primary passage between the above-indicated brake cylinder and a 
point of connection thereof to the above-indicated auxiliary passage' and which has a plurality of selectively estab- 
lished states including a state for connecting the brake cylinder to the delivery side of the above-indicated pump 
and a state for connecting the brake cylinder to the above-indicated reservoir, and wherein the above-indicated fluid 
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supply device Includes (c) a second auxiliary passage connecting the above-Indicated pump passage and the por- 
tion of the primary passage between the master cylinder and the above-indicated pressure control device, and (d) 
a check valve which is provided in a portion of the above-indicated pump passage between the above-indicated 
reservoir and a point of connection thereof to the above-Indicated second auxiliary passage, the check valve per- 

5 mitting a flow of the working fluid in a direction from the above-indicated reservoir toward the above-indicated pump 

and inhibiting a flow of the working fluid in the opposite direction. In the present form of the invention, the flow of 
the working fluid from the master cylinder to the reservoir Is inhibited by the check valve, even through the reservoir 
Is connected to the suction side of the pump. 

In another form of this braking system, the above-Indicated fluid supply device includes (a) the above-indicated 

10 second auxiliary passage, (b) the above-indicated check valve, and (c) an inflow control valve provided in the 
above-indicated second auxiliary passage. The inflow control valve is placed In a state for permitting the flow of the 
working fluid from the above-indicated master cylinder toward the above-indicated reservoir, when the above-indi- 
cated automatic fluid pressure control is not effected during operation of the above-indicated pump. When the auto- 
matic fluid pressure control is effected during operation of the pump and at least when the working fluid that can be 

15 pumped up by the pump is present in the reservoir, the inflow control valve is placed in a state for inhibiting the flow 
of the working fluid from the master cylinder toward the reservoir. In this form of the invention, when the working 
fluid is present In the reservoir and can be pumped up by the pump during the automatic fluid pressure control, the 
pump is prevented from pumping up the working fluid from the master cylinder, to prevent the reservoir from being 
kept filled with the working fluid, thereby making it possible for the reservoir to effect reduction of the pressure of 

20 the brake cylinder. 

According to a further form of this braking system, the above-indicated fluid supply device includes an inflow 
control valve which is provided in the above-indicated second auxiliary passage. The inflow control valve is placed 
in s state for permitting the flow of the working fluid from the above -indicated master cylinder toward the above-indi- 
cated reservoir when the above-indicated pump is not in operation. During at least a portion of the operation of the;. 

25 pump, the inflow control valve inhibits the flow of the fluid therethrough. In this form of the braking system, when the 
pump is not in operation, that is, when the braking system is operated to increase the fluid pressure in the brake,-! 
cylinder by the master cylinder rather than the pump, the working fluid flows from the master cylinder to the brake . ► 
cylinder not only through the above- indicated primary passage but also through the second auxiliary passage and 
the inflow control valve. If the fluid flow through the primary passage is prevented by any chance, the fluid pressure ^• 

30 is normally generated in the brake cylinder. 

(11). A braking system according to any one of the above modes (1)-{10). further comprising a booster disposed^: 
between the above-indicated brake operating member and the above-indicated master cylinder, for boosting an,r 
operating force of the above-indicated brake operating member and transmitting the boosted operating force to thej.- 
master cylinder, and wherein the above-indicated hydraulic pressure source control device includes post-boosting-r 

35 limit control means for commanding the above-indicated hydraulic pressure source to deliver the working fluid after;;^ 
a boosting limit of the booster has been reached. k:: 
In this braking system, the brake operating force is boosted by the hydraulic pressure source in place of the 
booster after the boosting limit of the booster has been reached. Accordingly, the braking effect is stabilized Irre- 
spective of whether the boosting limit of the booster has been reached or not. 

40 (12) A braking system according to the above mode (11), wherein the above-indicated pressure changing device 
includes means operated after the boosting limit of the above-indicated booster has been reached, for changing the 
fluid pressure in the brake cylinder with the operating force of the above-indicated brake operating member, such 
that a rate of change of the fluid pressure in the brake cylinder with the operating force after the boosting limit has 
been reached is substantially equal to that before the boosting limit has been reached. 

45 In this braking system, the rate of change of the fluid pressure of the brake cylinder with the operating force of 

the brake operating member, that is. the braking effect is substantially the same before and after the boosting limit 
of the booster has been reached, so that the braking effect is stabilized even in the presence of the boosting limit 
of the booster. 

(13) A braking system according to any one of the above modes (1)-(12), wherein the above-indicated pressure 
50 increasing device further includes a brake-operating-force-related quantity sensor for detecting a quantity relating 

to the operating force of the above-indicated brake operating member, and the above-irdicated hydraulic pressure 
control device includes post-reference-value control means for commanding the above-indicated hydraulic pres- 
sure source to deliver the working fluid after the brake-operating-force-related quantity has reached a reference 
value. 

55 In this braking system, the "reference value" may be a value which is expected to be established when the 

boosting limit of the booster has been reached, for example. 

(14) A braking system according to the above mode, wherein the above-indicated brake-operatlng-fbrce-related 
quantity sensor includes a vehicle deceleration sensor for detecting a deceleration value of a body of the motor 
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vehicle. 

In the braking system according to the preceding mode (13), the **brake-operating-fbrce-related quantity sen- 
sor" may include a sensor for directly detecting the brake-operating-force-related quantity, such as a brake operat- 
ing force sensor, a brake operating stroke sensor, or a master cylinder pressure sensor In this case, however, the 

5 sensor must be adapted to directly detect the brake-operating -force-related quantity. In the event of abnormality of 
this sensor, the pressure increasing device cannot be operated in relation to the brake operating force. 

In a motor vehicle equipped with a braking system, the brake operating force is generally reflected on the mas- 
ter cylinder pressure, and the master cylinder pressure is reflected on the brake cylinder pressure. The brake cyl- 
inder pressure is reflected on the braking force of the motor vehicle, and the braking force is reflected on the 

10 deceleration value of the body of the motor vehicle. Accordingly, even if the brake-operating-force-related quantity 
cannot be directly detected in the braking system according to the above mode (1 3), the pressure increasing device 
can be operated in relation to the brake operating force, if the vehicle deceleration value can be obtained. 

Based on this finding, the braking system according to the present mode of the invention was developed, 
wherein the pressure increasing device can be operated in relation to the brake operating force, even if the brake- 

15 operating-force-related quantity cannot be directly detected. 

In this braking system, the "vehicle deceleration sensor" may be adapted to directly detect the deceleration 
value of the vehicle body. However, the vehicle deceleration sensor may be adapted to indirectly detect the vehicle 
deceleration value, by obtaining a time derivative of the vehicle speed. That is, a motor vehicle is generally provided 
with a vehicle speed sensor, and the vehicle deceleration value can be obtained by differentiating the vehicle speed 

20 with respect to the time. 

It is noted that the vehicle speed sensor may be adapted to directly detect the vehicle speed, like a Doppler- 
effect sensor. However, the vehicle speed sensor may be adapted to indirectly detect the vehicle speed, based on 
the wheel speeds, i.e., rotating speeds of the vehicle wheels. One example of the vehicle speed sensor of the latter 
type is employed by an anti-lock control device, which includes, as well known, (a) a plurality of wheel speed sen- 

25 sors for detecting the rotating speeds of a plurality of vehicle wheels, (b) an electromagnetic hydraulic pressure 
control valve for controlling the brake cylinder pressure for each vehicle wheel, and (c) a controller for controlling 
the electromagnetic hydraulic pressure control valve, so as to prevent an excessive locking tendency of each vehi- 
cle wheel during brake application to the motor vehicle, based on the wheel speeds detected by the plurality of 
wheel speed sensors. The controller is generally designed to estimate the vehicle speed on the basis of the wheel 

30 speeds detected by the plurality of wheel speed sensors, and control the electromagnetic hydraulic pressure con- 
trol valve on the basis of the relationship between the estimated vehicle speed and the speed of each vehicle 
wheel. 

Therefore, where the 'Vehicle deceleration sensor" in the braking system according to this braking system is 
adapted to indirectly detect the vehicle deceleration value by obtaining the time derivative of the vehicle speed 
35 detected by the vehicle speed sensor, this vehicle deceleration sensor can be obtained by adding only a software 
and without adding a hardware, so that the "vehicle deceleration sensor" may be simplified in construction with 
reduced weight and cost of manufacture. 

(15) A braking system according to the above mode (13) or (14). wherein the above-indicated pressure increasing 
device includes a plurality of the above-indicated brake-operating-force-related quantity sensors. 

40 In this braking system, the operating reliability of the pressure increasing device In the event of abnormality of 

the brake-operating-force-related quantity sensors is easily improved, as compared with that where only one brake- 
operating-force-related quantity sensor is provided. 

(16) A braking system according to the above mode (15), wherein the above-indicated hydraulic pressure control 
device includes fail-safe means for commanding the above-indicated hydraulic pressure source to deliver the work- 

45 ing fluid after the brake-operating-force-related quantity detected by a first sensor consisting of predetermined at 
least one of the above-indicated plurality of brake-operating-force-related quantity sensors has reached the above- 
indicated reference value, when the above-Indicated first sensor is normal, and commanding the above-indicated 
hydraulic pressure source to deliver the working fluid after the brake-operating-force-related quantity detected by a 
second sensor consisting of at least one of the above-indicated plurality of brake-operating-fbrce-related quantity 

so sensors which Is different from the above-indicated first sensor has reached the above-indicated predetermined 
value, when the above-indicated first sensor Is not normal. 

In this braking system, the pressure Increasing device can be operated in relation to the brake operating force, 
unless all of the plurality of brake-operating-force-related quantity sensors are abnormal. Accordingly, the operating 
reliability of the pressure increasing device is improved. 

55 According to one form of this braking system, the above-indicated fail-safe means includes (a) determining 

means for determining whether the first sensor consisting of the predetermined at least one of the above-indicated 
plurality of brake-operating-force-related quantity sensors is normal, (b) selecting means for selecting the first sen- 
sor when the first sensor is determined to be normal, and the second sensor consisting of at least one of the above- 
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indicated plurality of brake-operating-force-related quantity sensors which is different from the first sensor, when 
the first sensor is not determined to be normal, and (c) fluid supply means for commanding the above-indicated 
hydraulic pressure source to deliver the working fluid when the brake-operating-force related quantity detected by 
the selected brake-operating-force-related quantity sensor has reached the above-indicated reference value. 
5 (17) A braking system according to the above mode (16). wherein the above-indicated plurality of brake-operating- 

force-related quantity sensors includes a master cylinder pressure sensor for detecting the fluid pressure of the 
above-indicated master cylinder, and a vehicle deceleration sensor for detecting a deceleration value of a body of 
the motor vehicle, the above-indicated first sensor including the above-indicated master cylinder pressure sensor, 
and the above-indicated second sensor including the above-Indicated vehicle deceleration sensor. 
10 (18) A braking system according to the above mode (15). wherein the above-indicated hydraulic pressure source 
control device includes fail-safe means for commanding the above-indicated hydraulic pressure source to deliver 
the working fluid when all of the brake-operating-fbrce-related quantities detected by the above-indicated plurality 
of brake-operating-force-related quantity sensors have reached respective reference values. 

Where the plurality of brake-operating-force-related quantity sensors are all normal, the brake-operating-force- 
75 related quantities detected by these plurality of brake-operating-force-related quantity sensors have reached the 
reference values, when the braking system is brought to a state in which the pressure increasing device should be 
operated. Where some of the plurality of brake-operating-force-related quantity sensors is/are abnormal, all of the 
brake-operating -force-related quantities have not reached the reference values even when the braking system is 
brought to the state in which the pressure increasing device should be operated. Therefore, if the hydraulic pres- 
to sure source is commanded to deliver the working fluid when all of the brake-operating-fbrce-related quantities have 
reached the reference values, the working fluid is delivered from the hydraulic pressure source only where the 
brake-operating-force-related quantity sensors are all normal. This arrangement prevents erroneous delivery of the 
working fluid from the hydraulic pressure source due to abnormality of one of the plurality of brake-operating-force- 
related quantity sensors. 

25 In the braking system according to this mode of the invention adapted to prevent the erroneous delivery of the 

working fluid from the hydraulic pressure source due to abnormality of the brake-operating-fbrce-related quantity 
sensors, the reliability of the pressure increasing device is improved. 

(19) A braking system according to the above mode (18). wherein the above-indicated plurality of brake-operating- 
force-related quantity sensors Include a master cylinder pressure sensor for detecting the fluid pressure of the 

30 above-indicated master cylinder, and a brake operation sensor for detecting an operation of the above-indicated 
brake operating member, the above-indicated fail-safe means including first means for commanding the above-indi- 
cated hydraulic pressure source control device to deliver the working fluid when the fluid pressure of the master cyl- 
inder detected by the above-indicated master cylinder pressure sensor has reached the above-indicated reference 
value and when the operation of the above-indicated brake operating member is detected by the above-indicated 

35 brake operation sensor. t. 

This braking system prevents erroneous delivery of the working fluid from the hydraulic pressure source which 
would be caused when the master cylinder pressure detected by the master cylinder pressure sensor has reached 
the reference value due to abnormality of the master cylinder pressure sensor, even while the brake operating 
member is not operated. Accordingly, the reliability of the pressure increasing device is improved. 

40 (20) A braking system according to the above mode (19). wherein the above-indicated plurality of brake-operating- 
force-related quantity sensors further include a vehicle deceleration sensor for detecting a deceleration value of a 
body of the motor vehicle, and the above-indicated first means commands the above-indicated hydraulic pressure 
source to deliver the working fluid when the fluid pressure of the master cylinder detected by the above-indicated 
master cylinder pressure sensor has reached the above-indicated reference value and when the operation of the 

45 above-indicated brake operating member is detected by the above-indicated brake operation sensor, where the 
above-indicated brake operation sensor is normal, the above-indicated fail-safe means including second means for 
commanding the above-indicated hydraulic pressure source to deliver the working fluid when the fluid pressure of 
the master cylinder detected by the above-indicated master cylinder pressure sensor has reached the above-Indi- 
cated reference value and when the deceleration value of the body of the motor vehicle detected by the above-indi- 

50 cated vehicle deceleration sensor has reached the above-indicated reference value, where the above-indicated 
brake operation sensor is not normal. 

This braking system wherein the vehicle deceleration sensor is used in the event of abnormality of the brake 
operating sensor prevents erroneous delivery of the working fluid from the hydraulic pressure source, not only 
where the master cylinder pressure sensor is abnormal in that the detected master cylinder pressure is higher than 

55 the actual value, but also where the brake operating sensor is abnormal in that the operation of the brake operating 
member is detected while the brake operating member is not in fact operated. Accordingly, the reliability of the pres- 
sure increasing device is improved. 

According to one form of this form of the braking system, the above-indicated second means includes (a) deter- 
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mining means for determining whether the above-indicated brake operation sensor is normal or not, (b) selecting 
means for selecting the brake operation sensor when the brake operation sensor is determined to be normal, and 
the above-indicated vehicle deceleration sensor when the brake operation sensor is not determined to be normal, 
and (c) fluid supply means for commanding the hydraulic pressure source to deliver the working fluid when the 

5 master cylinder pressure detected by the master cylinder pressure sensor has reached the above-indicated refer- 
ence value and when the operation of the brake operating member is detected by the brake operation sensor, 
where the brake operation sensor is determined to be normal, and commanding the hydraulic pressure source to 
deliver the working fluid when the master cylinder pressure detected by the master cylinder pressure sensor has 
reached the above-indicated reference value and when the vehicle deceleration value detected by the vehicle 

10 deceleration sensor has reached the above-indicated reference value, where the brake operation sensor is not 
determined to be normal. 

Although the "vehicle deceleration sensor" in the braking system according to the present mode is used in 
place of the brake operation sensor in the event of abnormality of the brake operation sensor, the vehicle deceler- 
ation sensor may be used in place of the master cylinder pressure sensor in the event of abnormality of the master 

IS cylinder pressure sensor. 

(21) A braking system according to any one of the above modes {1)-(20), wherein the above-indicated pressure 
increasing device includes (a) vehicle stationary state detecting means for detecting that the motor vehicle is in a 
stationary state, and (b) operation initiation control means for operating such that an operation of the pressure 
increasing device is less likely to be initiated when the stationary state of the motor vehicle is detected than when 

20 the stationary state is not detected. 

If. for instance, the braking system according to the above mode (1 ) is adapted to necessarily activate the pres- 
sure increasing device when the brake-operating-force-related quantity has reached the reference value, the pres- 
sure increasing device is activated even where the brake-operating-force-related quantity sensor has reached the 
reference value while the motor vehicle is in a stationary state. However, the operation of the pressure increasing 

25 device provides an operating noise, and the hydraulic pressure source is rarely operated to increase the fluid pres- 
sure of the brake cylinder while the motor vehicle is stationary. Therefore, the braking system according to the 
above mode (1) adapted to necessarily activate the pressure increasing device when the brake-operating-force- 
related quantity has reached the reference value suffers from a problem that the pressure increasing device is 
unnecessarily activated in the stationary state of the motor vehicle in which the operating noises of the vehicle com- 

30 ponents are likely to be perceived by the vehicle operator. 

Based on this finding, the braking system according to the present mode was developed so as to prevent 
unnecessary activation of the pressure increasing device, for thereby reducing the noise within the motor vehicle. 

It is noted that the braking system according to this mode of the invention may be operated without the pres- 
sure changing device described with respect to the mode (1). 

35 (22) A braking system according to the above mode (21 ), wherein the above-indicated pressure increasing device 
further includes a brake-operating-force-related quantity sensor for detecting a quantity relating to an operating 
force of the above-indicated brake operating member, and the above-indicated hydraulic pressure source control 
device includes post-reference-value control means for commanding the above-indicated hydraulic pressure 
source to deliver the working fluid when the brake-operating-force-related quantity has reached a reference value. 

40 the above-indicated operation initiation control means including reference value determining means for determining 
the above-indicated reference value such that the above-indicated brake-operating-force-related quantity is less 
likely to have reached the above-indicated reference value when the above-indicated stationary state of the motor 
vehicle is detected than when the above-indicated stationary state is not detected. 
(23) A braking system according to any one of the above modes (1)-(22). further comprising: 

45 

a vacuum booster for boosting the operating force of the above-indicated brake operating member by a pres- 
sure difference between a negative pressure chamber and a pressure changing chamber which is selectively 
communicated with the negative pressure chamber and an atmosphere, and transferring the boosted operat- 
ing force to the above-indicated master cylinder; 
50 booster-pressure-related quantity detecting means for detecting a quantity relating to at least one of pressures 

in the above-indicated negative pressure chamber and the above-indicated pressure changing chamber, and 
generating a signal representative of the above-indicated quantity; and 

a determining device for determining, on the basis of the output signal of the booster-pressure-related quantity 
detecting means, whether a boosting limit of the above-indicated vacuum booster has been reached as a result 
55 of an inaease of the pressure of the above-indicated pressure changing chamber to an atmospheric pressure. 



There is already available a motor vehicle braking system of a type wherein a vacuum booster is provided 
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between a brake operating member and a master cylinder which generates a hydraulic pressure by operation of a 
pressurizing piston. The vacuum booster is a device for boosting the operating force of the brake operating member 
by an operation of a power piston with a pressure difference which is caused between a pressure changing cham- 
ber and a negative pressure chamber (generally called a constant pressure chamber), by selective communication 
5 of the pressure changing chamber with an atmosphere and the negative pressure chamber connected to a nega- 

tive pressure source, on the basis of a relative movement of the brake operating member and the pressurizing pis- 
ton. 

A conventional example of this type of braking system is disclosed in JP-A-55- 76744. This braking system is 
provided with a vacuum booster for boosting the operating force of the brake operating member, and a hydraulic 

10 booster as a second boosting device which is activated when the boosting limit of the vacuum booster has been 
reached with the pressure of the pressure changing chamber having increased to the atmospheric pressure. 

In this conventional braking system, a moment at which the boosting limit of the vacuum booster has been 
reached is mechanical detected. In response to this mechanical detection, the hydraulic booster is mechanically 
activated. In some braking system provided with a vacuum booster, it is required to electrically detect the moment 

15 when the boosting limit of the vacuum booster has been reached. For instance, the electrical detection is required, 
when it is desired to electrically activate the second boosting device or other device adapted to prevent insufficient 
fluid pressure in the brake cylinder, or when it is desired to activate a buzzer, a light or other warning device to 
inform the vehicle operator that the boosting limit of the vacuum booster has been reached. 

On the other hand, the master cylinder pressure when the boosting limit of the vacuum booster has been 

20 reached Is determined by the pressure of the negative pressure chamber of the vacuum booster. However, the 
pressure of the negative pressure chamber is not always constant, but may vary. The boosting limit of the vacuum 
booster has not been necessarily reached when the master cylinder pressure has changed to a predetermined 
value. Where the negative pressure chamber is connected to the intake pipe of the engine which serves as the neg- 
ative pressure source, for example, the pressure (negative pressure) in the engine intake pipe varies depending^ 

25 upon the rotating speed of the engine and the opening angle of the throttle valve during operation of the brake oper- . 
ating member. As a result, the pressure of the negative pressure chamber varies. Accordingly, it is important to take ; 
into account the variation of the pressure of the negative pressure chamber, in detecting the moment when the 
boosting limit of the vacuum booster has been reached. 

The braking system according to the present mode of this invention was developed in view of the background 

30 discussed above. It is an object of this mode of the invention to provide a braking system which is capable of elec- 
trically detecting that the boosting limit of the vacuum booster has been reached, while taking into account the var-.?- 
iation of the pressure in the negative pressure chamber. 

The above object may be achieved by providing the braking system according to any one of the above modes. 
(1)-(22) with (a) a vacuum booster for boosting the operating force of the above-indicated brake operating member- 

35 by a pressure difference between a negative pressure chamber and a pressure changing chamber which is selec-r 
tiveiy communicated with the negative pressure chamber and an atmosphere, and transferring the boosted operat: 
ing force to the above-indicated master cylinder, (b) booster-pressure-related quantity detecting means -for 
detecting a quantity relating to at least one of pressures in the above-indicated negative pressure chamber and 
pressure changing chamber, and generating a signal representative of the quantity, and (c) a determining device 

40 for determining, on the basis of the output signal of the booster-pressure-related quantity detecting means, whether 
a boosting limit of the above-indicated vacuum booster has been reached as a result of an increase in the pressure 
in the above-indicated pressure changing chamber to an atmospheric pressure. 

The moment when the boosting limit of the vacuum booster has been reached can be detected by monitoring 
the pressure of the pressure changing chamber, both of the pressure of the pressure changing chamber and the 

45 master cylinder pressure, or both of the pressure of the negative pressure chamber and the master cylinder pres- 
sure. Namely the moment when the boosting limit of the vacuum booster has been reached can be detected on 
the basis of a booster-pressure-related quantity relating to at least one of the pressures of the negative pressure 
chamber and the pressure changing chamber. The booster-pressure-related quantity can be electrically detected 
by a sensor or a switch. 

50 Where the moment when the boosting limit of the vacuum booster has been reached is detected by monitoring 

the pressure of the pressure changing chamber, this moment varies depending upon the pressure of the negative 
pressure chamber. Where the moment when the boosting limit of the vacuum booster has been reached is 
detected by monitoring both the pressure of the pressure changing chamber and the master cylinder pressure, or 
both the pressure of the negative pressure chamber and the master cylinder pressure, the master cylinder pressure 

55 when the moment at which the boosting limiting has been reached is detected varies depending upon the pressure 
of the negative pressure chamber. That is, where the moment when the boosting limit of the vacuum booster has 
been reached is detected on the l>asis of at least the tx50Ster-pressure-related quantity, the variation in the actual 
pressure of the negative pressure chamber is reflected on the detection. 
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In the braking system according to the present mode of the invention wherein the moment at which the boost- 
ing limit of the vacuum booster has been reached is electrically detected, this detection can be readily utilized for 
an electrically operated device such as a device for preventing insufficiency of the brake cylinder pressure and a 
warning device. Further, since the variation in the pressure in the negative pressure chamber is taken into account 
5 in detecting the moment when the boosting limit of the vacuum booster has been reached, the accuracy of the 
detection is improved. 

The present braking system may be adapted to determine that the boosting limit of the vacuum booster has 
been reached, when a master-cylinder-pressure-related quantity which continuously changes with the master cyl- 
inder pressure has reached a boosting limit value determined by the booster-pressure-related quantity of the pres- 

10 sure changing chamber of the negative pressure chamber, or when the booster-pressure-related quantity which 
continuously changes with the pressure of the negative pressure chamber has increased to the atmospheric pres- 
sure. In either of these cases, the quantity used for the determination is a quantity which continuously changes. 
Accordingly, the change in the operating state of the vacuum booster can be continuously detected. This arrange- 
ment permits the detection of not only the moment at which the boosting limit of the vacuum booster has been 

15 reached, but also a moment (pre-limit moment) immediately before the moment at which the boosting limit is 
expected to have been reached. In the braking system provided with the vacuum booster, it is desired in some 
cases to detect the pre-limit moment as well as the moment of the boosting limit. For example, it is desired to detect 
the pre=limit moment for the purpose of providing a warning to the vehicle operator or activating the device for pre- 
venting insufficiency of the brake cylinder pressure, before the boosting limit of the vacuum booster has been 

20 reached. The device indicated above tends to have a delay in operation. 

Therefore, the present braking system makes it possible to easily satisfy a need of initiating the warning to the 
vehicle operator or activating the above-indicated device, before the moment at which the boosting limit of the vac- 
uum booster has been reached. 

In the present braking system, the "vacuum booster" may be adapted such that a space within its housing is 

25 divided by a power piston into the negative pressure chamber on the side of the master cylinder and the pressure 
changing chamber on the side of the brake operating member The power piston is movable relative to a valve oper- 
ating rod which is mechanically linked with the pressurizing piston of the master cylinder. In this case, a valve mech- 
anism (for example, an air valve, a control valve, a vacuum valve or a valve control spring, as described below) is 
provided for selective communication of the pressure changing chamber with the negative pressure chamber con- 

30 nected to the negative pressure source and the atmosphere. The valve mechanism is controlled based on a relative 
movement of the above-indicated power piston and the valve operating rod, so that the operating force of the brake 
operating force is boosted by utilization of the pressure difference between the negative pressure and the atmos- 
pheric pressure. 

Further, the "booster-pressure-related quantity detecting means" in the present braking system may be pres- 

35 sure detecting means which is subjected to a pressure and generates a signal representative of this pressure. The 
"pressure detecting means" may be used either exclusively for the vacuum booster, or commonly for the vacuum 
booster and other device or devices. For instance, an electronic engine control device for a motor vehicle may be 
provided with an intake pipe pressure sensor (intake pipe negative pressure sensor) for detecting the pressure 
(negative pressure) in the intake pipe of the engine. Where the negative pressure chamber of the vacuum booster 

40 is connected to the intake pipe of the engine serving as the negative pressure source, the pressure of the engine 
intake pipe can be used as a value approximating to the pressure of the negative pressure chamber. Therefore, 
where the "booster-pressure-related quantity detecting means" is adapted to detect the pressure of the negative 
pressure chamber connected to the engine intake pipe, the booster-pressure-related quantity detecting means may 
utilize the intake pipe pressure sensor for detecting the pressure of the negative pressure chamber. This arrange- 

45 ment eliminates pressure detecting means exclusively used for the vacuum booster, and permits the present brak- 
ing system to be available at a reduced cost. In this case, the pressure in the engine intake pipe is an example of 
the "booster-pressure-related quantity". 

The "booster-pressure-related quantity detecting means" in this braking system may be adapted to electrically 
detect a physical quantity not representing a pressure, and indirectly obtain the booster-pressure-related quantity 

50 by calculating the pressure on the basis of the detected physical quantity. For instance, the above-indicated elec- 
tronic engine control device may be provided with a throttle opening sensor for detecting the opening angle of a 
throttle valve disposed in the engine intake pipe, and an engine speed sensor for detecting the rotating speed of 
the engine. The pressure of the engine intake pipe can be calculated on the basis of the throttle opening angle and 
the engine speed. Further, the pressure of the engine intake pipe can be used as a value approximating to the pres- 

55 sure of the negative pressure chamber. Therefore, where the "booster-pressure-related quantity detecting means" 
is adapted to detect the pressure of the negative pressure chamber connected to the engine intake pipe, the pres- 
sure of the negative pressure chamber can be detected indirectly on the basis of the output signals of the throttle 
opening sensor and engine speed sensor. This arrangement also eliminates pressure detecting means exclusively 
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used for the vacuum booster, and permits the present braking system to be available at a reduced cost. In this 
arrangement, therefore, the throttle opening angle and the engine speed are considered to be an example of the 
"booster-pressure-related quantity". 

Alternatively, the present braking system may be adapted to include at least one of means for detecting the 

5 booster-pressure-related quantity relating to the negative pressure chamber or the pressure changing chamber 

and means for detecting a master-cylinder-pressure-related quantity, and determine that the boosting limit of the 
above-indicated vacuum booster has been reached, on the basis of the booster-pressure-related quantity relating 
to the pressure changing chamber, or both of the booster-pressure-reiated quantity relating to the pressure chang- 
ing chamber and the master-cylinder-pressure-related quantity, or alternatively both of the booster-pressure- 

10 related quantity relating to the negative pressure changer and the master-cylinder-pressure-related quantity. 

It is noted that the braking system according to this mode of the invention may be operated without the pres- 
sure changing device described with respect to the mode (1). 

(24) A braking system according to the above mode (23). further comprising master-cylinder-pressure-related 
quantity detecting means for detecting a quantity relating to the fluid pressure of the above-indicated master cylin- 

15 der and generating a signal representative of the quantity, and wherein the above-indicated determining device 
includes means for determining whether the boosting limit of the above-indicated vacuum booster has been 
reached, on the basis of the output signals of the above-indicated master-cylinder-pressure-related quantity detect- 
ing means and the above-indicated booster-pressure-related quantity detecting means. 

The "master-cylinder -pressure-related quantity detecting means" in the present braking system may of course 

20 be a pressure sensor for detecting the master cylinder pressure per se, but may be a force sensor for detecting the 
operating force of the brake operating member, a stroke sensor for detecting the operating stroke of the brake oper- 
ating member, or vehicle deceleration detecting means for detecting the deceleration value of the vehicle during 
braking of the motor vehicle. The operating force and stroke of the brake operating member and the vehicle decel- 
eration value are physical quantities relating to the master cylinder pressure. The vehicle deceleration detecting ; 

25 means may be adapted to directly detect the deceleration value of the motor vehicle, or indirectly detect the decel- : 
eration value of the motor vehicle by detecting the rotating speeds of a plurality of vehicle wheels, estimating the * 
vehicle speed based on the detected rotating speeds of the vehicle wheels and obtaining a time derivative of the. 
estimated vehicle speed. *^ xt 

(25) A braking system according to the above mode (23) or (24), wherein the above- indicated booster-pressure-:* 
30 related quantity detecting means includes pressure-changing-chamber-pressure-related quantity detecting means.^ 

for detecting a quantity relating to the pressure of the above-indicated pressure changing chamber and generating*? 
a signal representative of this quantity, the above-indicated braking system further comprising master-cylinder.-r 
pressure-related quantity detecting means for detecting a quantity relating to the fluid pressure of the above-indi- 
cated master cylinder and generating a signal representative of this quantity, and wherein the above-indicated^ 
35 determining device includes first determining means for determining whether the boosting limit of the above-indi^a- 
cated vacuum booster has been reached, on the t)asis of the output signals of the above-indicated pressure-chang-. 
ing-chamber-pressure-related quantity detecting means and the above-indicated booster-pressure-related quantity 
detecting means. 

In the vacuum booster, the amount of increase of the pressure of the pressure changing chamber and the 

40 amount of increase of the master cylinder pressure have a given relationship while the pressure of the negative 
pressure chamber remains unchanged, so that the amount of increase of the master cylinder pressure can be esti- 
mated from the amount of increase of the pressure of the pressure changing chamber. On the other hand, the pres- 
sure of the negative pressure chamber during an operation of the brake operating member may be different from 
that during another operation of the brake operating member, but the pressure of the negative pressure chamber 

45 is assumed to be held substantially constant during each operation of the brake operating member. Therefore, if 
the pressure of the pressure changing chamber at a certain moment before the boosting limit of the vacuum 
booster has been reached during each operation of the brake operating member is known, it is possible to estimate 
the master cylinder pressure at the moment when the boosting limit of the vacuum booster has been reached as a 
result of the increase of the pressure of the pressure changing chamber to the atmospheric pressure. 

50 Based on this finding, the braking system according to the mode of the invention is adapted such that the 

above-indicated booster-pressure-related quantity detecting means includes pressure-changlng-chamber-pres- 
sure-related quantity detecting means for detecting a quantity relating to the pressure of the above-indicated pres- 
sure changing chamber and generating a signal representative of this quantity, and the braking system further 
comprises master-cylinder-pressure-related quantity detecting means for detecting a quantity relating to the fluid 

55 pressure of the above-indicated master cylinder and generating a signal representative of this quantity. The above- 
indicated determining device includes first determining means for determining whether the boosting limit of the 
above-indicated vacuum booster has been reached, on the basis of the output signals of the above-indicated pres- 
sure-changlng-chamber-pressure-related quantity detecting means and the above-indicated booster-pressure- 



15 



BNSOOCID: <EP_0928730A1 J_> 



EP 0 928 730 A1 



related quantity detecting means. 

(26) A braking system according to the above mode (25), wherein the above-indicated first determining means 
includes means for determining that the boosting limit of the above-indicated vacuum booster has been reached, 
when an actual amount of increase of the fluid pressure of the above-indicated master cylinder after the pressure 

5 of the above-indicated pressure changing chamber has reached a reference value has become equal to an 
expected amount of increase thereof during a period of increase of the pressure of the pressure changing chamber 
from the above-indicated reference value to an atmospheric pressure. 

According to one form of the "means" in the present braking system, the expected amount of increase of the 
master-cylinder-pressure-related quantity during the period of increase of the pressure of the pressure changing 

10 chamber from the reference value to the atmospheric pressure is determined (by a master-cylinder-pressure- 
related quantity increase amount determining portion) when the actual pressure of the pressure changing chamber 
has reached the reference value, and a sum of the determined expected amount of increase and the master-cylin- 
der-pressure-related quantity when the pressure of the pressure changing chamber has reached the reference 
value is determined (by a (boosting-limit-master-cylinder-pressure-related quantity determining portion) as a boost- 

15 ing-limit-master-cylinder-pressure-related quantity which is the master-cylinder-pressure-related quantity when the 
boosting limit of the vacuum booster has been reached. Further, the determination that th boosting limit of the vac- 
uum booster has been reached is made (by a determining portion) when the actual master-cylinder-pressure- 
related quantity has increased to the boosting -limit-master-cylinder-pressure-related quantity 

(27) A braking system according to the above mode (23), wherein the above-indicated booster-pressure -related 
20 quantity detecting means includes pressure-changing-chamber-pressure-related quantity detecting means for 

detecting a quantity relating to the pressure of the above-indicated pressure changing chamber and generating a 
signal representative of this quantity and the above-indicated determining device includes second determining 
means for determining, on the basis of the output signal of the above-indicated pressure-changing-chamber-pres- 
sure-related quantity detecting means, that the boosting limit of the above-indicated vacuum booster has been 
25 reached, when the pressure of the above-indicated pressure changing chamber has increased to an atmospheric 
pressure. 

When the boosting limit of the vacuum booster has been reached, the pressure of the pressure changing 
chamber has increased to the atmospheric pressure. Therefore, the moment at which the boosting limit has been 
detected can be detected by detecting that the pressure of the pressure changing chamber has increased to the 

30 atmospheric pressure. 

Based on this finding, the present braking system is adapted such that the above-indicated booster-pressure- 
related quantity detecting means includes pressure-changing-chamber-pressure-related quantity detecting means 
for detecting a quantity relating to the pressure of the above-indicated pressure changing chamber and generating 
a signal representative of this quantity and such that the above-indicated determining device includes second 

35 determining means for determining, on the basis of the output signal of the above-indicated pressure-changing- 
chamber-pressure-reiated quantity detecting means, that the boosting limit of the above-indicated vacuum booster 
has been reached, when the pressure of the above-indicated pressure changing chamber has increased to an 
atmospheric pressure. 

Therefore, the present braking system need not be based on an assumption that the pressure of the negative 

40 pressure changer is held substantially constant during each operation of the brake operating member, and makes 
it possible to determine the moment at which the boosting limit has been reached, while taking into account a var- 
iation in the pressure of the negative pressure changer during each operation of the brake operating member. 

Further, the present braking system does not require the provision of master-cylinder-pressure-related quantity 
detecting means for determining whether the boosting limit of the vacuum booster has been reached. 

45 (28) A braking system according to the above mode (23) or (24), wherein the above-indicated booster-pressure- 
related quantity detecting means includes negative-pressure-chamber-pressure- related quantity detecting means 
for detecting a quantity relating to the pressure of the above-indicated negative pressure chamber and generating 
a signal representative of this quantity, the above-indicated braking system further comprising master-cylinder- 
pressure-related quantity detecting means for detecting a quantity relating to the fluid pressure of the above-indi- 

50 cated master cylinder and generating a signal representative of this quantity the above-indicated determining 
means including third determining means for determining whether the boosting of the above-indicated vacuum 
booster has been reached, on the basis of the above-indicated output signals of the above-indicated negative-pres- 
sure-chamber-pressure-related quantity detecting means and the above-indicated master-cytinder-pressure- 
related quantity detecting means. 

55 The pressure of the negative pressure chamber of the vacuum booster and the master cylinder pressure when 

the boosting limit of the vacuum booster has been reached have a given relationship. Therefore, the master cylinder 
pressure when the boosting limit of the vacuum booster has been reached can be estimated from the pressure of 
the negative pressure chamber. Accordingly if the pressure of the negative pressure chamber is known at a 
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moment before the boosting limit of the vacuum booster has been reached, it is possible to estimate the master cyl- 
inder pressure at the moment when the boosting limit of the vacuum booster has been reached. 

Based on this finding, the braking system according to this mode of the invention is adapted such that the the 
above-indicated booster-pressure-related quantity detecting means includes negative-pressure-chamber-pres- 

5 sure-related quantity detecting means for detecting a quantity relating to the pressure of the above-indicated neg- 

ative pressure chamber and generating a signal representative of this quantity, the above-indicated braking system 
further comprising master-cylinder-pressure-related quantity detecting means for detecting a quantity relating to 
the fluid pressure of the above-indicated master cylinder and generating a signal representative of this quantity, the 
above-indicated determining means including third determining means for determining whether the boosting of the 

10 above-indicated vacuum booster has been reached, on the basis of the above-indicated output signals of the 
above-indicated negative-pressure-chamber-pressure-related quantity detecting means and the above-indicated 
master-cylinder-pressure-related quantity detecting means. 

Therefore, the present braking system need not be based on an assumption that the pressure of the negative 
pressure changer is held substantially constant during each operation of the brake operating member, and makes 

75 it possible to determine the moment at which the boosting limit has been reached, while taking into account a var- 
iation in the pressure of the negative pressure changer during each operation of the brake operating member. 
(29) A braking system according to the above mode (28), wherein the above-indicated third determining means 
includes means for determining that the boosting limit of the above-indicated vacuum booster has been reached, 
when the actual fluid pressure of the atx)ve-indicated master cylinder has increased to a value which is expected 

20 to be established when the pressure of the above-indicated pressure changing chamber has increased to an 
atmospheric pressure under the actual pressure of the above-indicated negative pressure chamber. 

According to one form of the "means" in this braking system, a boosting-limit-master-cylinder-pressure-related 
quantity corresponding to the actual pressure of the negative pressure chamber is determined (by a boosting- limit- 
master-cylinder-pressure-related quantity determining portion) on the basis of the actual pressure of the negative 

25 pressure chamber and according to a predetermined relationship between the pressure of the negative pressure 
chamber and the master-cyiinder-pressure-related quantity when the boosting limit of the vacuum kx)oster has 
been reached, and the determination that the boosting limit of the vacuum booster has been reached is made (by 
a determining portion) when the actual master-cylinder-pressure-related quantity has increased to the boosting- 
limit-master -cylinder-pressure-related quantity. r 

30 (30) A braking system according to any one of the above modes (23)-(29), wherein the above-indicated booster- 
pressure-related quantity detecting means includes a pressure switch which is subjected to the pressure of at least 
one of the above-indicated negative pressure chamber and the above-indicated pressure changing chamber and 
which generates respective two different signals when the pressure is higher and not higher than a predetermined 
value. - . ^ 

35 For detecting the boosting limit of the vacuum booster, in some case, the continuously changing pressure-to 

be detected is not required to be continuously detected, as described above, but it is suffice to detect that the- pres- 
sure has reached a predetermined value. In this case, the "booster-pressure-related quantity detecting means" 
may be a pressure switch which generates respective two different signals depending upon whether the pressure 
is higher than the predetermined value or not. Such a pressure switch can be manufactured at a lower cost than a 

40 pressure sensor whose output signal continuously changes with a continuous change in the pressure to be 
detected. Further, the pressure switch makes it possible to simplify the construction of the above-indicted determin- 
ing device which serves as a signal processing device for processing the output signal of the pressure detecting 
means. 

Based on this finding, the braking system according to this mode of the invention is adapted such that the 
45 above-indicated booster-pressure-related quantity detecting means includes a pressure switch which is subjected 
to the pressure of at least one of the above-indicated negative pressure chamber and the above-indicated pressure 
changing chamber and which generates respective two different signals when the pressure is higher and not higher 
than a predetermined value. 

The present braking system is advantageous in that the booster-pressure-related quantity can be easily and 
50 economically detected. 

(31) A braking system according to any one of the above modes (23)-(30), wherein the above-indicated determin- 
ing device generates an output signal indicative of a result of its determination, and the above-Indicated pressure 
increasing device is activated on the basis of the output signal of the determining device, to increase the fluid pres- 
sure in said brake cylinder only after the boosting limit of the above-indicated vacuum booster has been reached. 
55 In this braking system, the brake cylinder pressure is increased by the pressure increasing device to increase 

the braking force of the vehicle wheel after the boosting limit of the vacuum booster has been reached, whereby 
the braking capability of the motor vehicle is effectively improved. 

In this braking system, the pressure increasing device need not be disposed between the master cylinder and 
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the brake cylinder, as described with respect to the above mode (1) of the invention, but may be disposed at any 
position in a force transfer path from the brake operating member to the brake for restraining the rotation of the vehi- 
cle wheel. For instance, the pressure increasing device may be provided in the operating mechanism of the brake 
operating member, between the brake operating member and the master cylinder, in the master cylinder or brake 
5 cylinder, or between the brake cylinder and a braking friction member which is forced onto a rotor rotating with the 

vehicle wheel, to restrain the rotation of the rotor. Described in detail, the pressure increasing device may be pro- 
vided between the brake operating member and the master cylinder, for example, as an electrically operated 
hydraulic booster (second boosting device). 

(32) A braking system according to the above mode (31). wherein the above- indicated pressure increasing device 
10 includes (a) a hydraulic pressure source connected through an auxiliary passage to a primary passage which con- 
nects the above-indicated master cylinder and brake cylinder, (b) a hydraulic pressure source control device for 
commanding the above-indicated hydraulic pressure source to deliver the pressurized working fluid when the fluid 
pressure in the above-indicated brake cylinder is required to be higher than the fluid pressure in the above-indi- 
cated master cylinder during operation of the above-indicated brake operating member by the vehicle operator, and 

15 (c) a pressure control device disposed in a portion of the above- indicated primary passage between the above-indi- 
cated master cylinder and a point of connection thereof to the above-indicated auxiliary passage, for controlling a 
second fluid pressure in a portion of the primary passage on the brake cylinder side, relative to a first fluid pressure 
in a portion of the primary passage on the master cylinder side, the pressure control device inhibiting a flow of the 
working fluid from the above-indicated hydraulic pressure source toward the above-indicated master cylinder when 

20 the working fluid is delivered from the above-indicated hydraulic pressure source and when the second fluid pres- 
sure is higher than the first fluid pressure with a difference therebetween being smaller than a desired value, and 
permitting the flow of the working fluid from the hydraulic pressure source toward the master cylinder when the dif- 
ference between the higher second fluid pressure and the lower first fluid pressure is going to exceed the above- 
indicated desired value, whereby the second fluid pressure is controlled to be higher than the first fluid pressure 

25 such that the difference coincides with the desired value. 

The "hydraulic pressure source" in this braking system may be, for example, a hydraulic pressure source for 
the brake, or a hydraulic pressure source for a device other than the brake, such as a hydraulic pressure source for 
a power steering device. 

The "hydraulic pressure source" may be, for example, a hydraulic pressure source of a type to store the work- 
30 ing fluid under a high pressure, such as an accumulator, or alternatively a hydraulic pressure source of a type to 
pressurize the working fluid as needed, for example, a pump. 

The "pump" may be adapted to suck the working fluid on its suction side, and deliver the pressurized working 
fluid from its delivery side, which is connected to the above-indicated primary passage through the above-indicated 
auxiliary passage. Where the pump is used as the hydraulic pressure source and the pressurized fluid is delivered 
35 from the pump directly to the pressure control device, the delivery pressure of the pump can more easily follow a 
change in the master cylinder pressure, than the pressure of the fluid supplied from the accumulator, since the 
delivery pressure of the pump has a property that the delivery pressure depends upon the fluid pressure in the 
device to which the pressurized fluid is delivered, and changes following a change in the fluid pressure in that 
device. 

40 For example, the "desired value" may be a constant value, or a variable which increases with an increase of 

the actual value of the master cylinder pressure from a boosting limit value thereof (master cylinder pressure when 
the tx)osting limit of the booster has been reached). 

(33) A braking system according to the above mode (24), (25). (26). (28) or (29), wherein the above-indicated mas- 
ter-cylinder-pressure-related quantity detecting means includes vehicle deceleration detecting means for detecting 

45 a deceleration value of the motor vehicle as the quantity relating to the fluid pressure of the above-indicated master 
cylinder and generating an output signal representative of this quantity. 

The "master-cylinder-pressure-related quantity detecting means" in the braking system according to the above 
mode (24), (25), (26). (28) or (29) may be. for example, master-cylinder-pressure-directly-related quantity detecting 
means for detecting the master cylinder pressure per se or a quantity directly relating to the master cylinder pres- 

50 sure (hereinafter referred to as "master-cylinder-pressure-directly-related quantity"), such as a master cylinder 
pressure sensor, a brake operating force sensor or a brake operating stroke sensor. Where the master-cylinder- 
pressure-directly-related quantity detecting means is used, the boosting limit cannot be determined in the event of 
a defect of this detecting means. 

In a motor vehicle equipped with a braking system, the brake operating force is generally reflected on the mas- 

55 ter cylinder pressure, which in turn is reflected on the brake cylinder pressure, which in turn is reflected on the brak- 
ing force of the motor vehicle, which in turn is reflected on the deceleration value of the vehicle body. That is. the 
deceleration value of the vehicle body is a quantity which indirectly relates to the master cylinder pressure. Accord- 
ingly, the braking system according to the mode (24), (25). (26), (28) or (29) is capable of determining the boosting 
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limit if the deceleration value of the vehicle body can be obtained, even where the quantity directly relating to the 
master cylinder pressure cannot be detected. 

Based on this finding, the braking system according to the present mode of the invention is adapted such that 
the above-Indicated master-cylinder-pressure-related quantity detecting means includes vehicle deceleration 

5 detecting means for detecting a deceleration value of the motor vehicle as the quantity relating to the fluid pressure 

of the above-indicated master cylinder and generating an output signal representative of this quantity. 

This braking system is advantageous in that the boosting limit can be determined even where the quantity 
directly relating to the master cylinder pressure cannot be detected. 

The "vehicle deceleration detecting means" in this braking system may be adapted to directly detect the decel- 

10 , eration value of the vehicle body However, the motor vehicle is generally provided with a vehicle speed sensor, and 
the deceleration value of the vehicle body can be obtained by differentiating the vehicle speed with respect to the 
time. Based on this fact, the vehicle deceleration detecting means may be adapted to indirectly detect the deceler- 
ation value of the vehicle body, by differentiating the vehicle speed with respect to the time. 

The vehicle speed sensor may be a Doppler-effect sensor or other sensor adapted to directly detect the vehicle 

15 speed. However, the vehicle speed sensor may be adapted to indirectly detect the vehicle speed on the basis of 
the wheel speeds, namely, the rotating speeds of the vehicle wheels. An example of the vehicle speed sensor of 
the latter type is employed in an anti-lock brake pressure control device, which includes, as well known, (a) a plu- 
rality of wheel speed sensors for detecting the rotating speeds of a plurality of vehicle wheels, respectively (b) an 
electromagnetic pressure control valve for controlling the brake cylinder pressure for each vehicle wheel, and (c) a 

20 controller for controlling the above-indicated electromagnetic pressure control valve, on the basis of the wheel 
speeds detected by the plurality of wheel speed sensors, so as to prevent an excessive locking tendency of each 
wheel during brake application to the motor vehicle. The controller is generally adapted to estimate the vehicle 
speed on the basis of the plurality of wheel speeds detected by the plurality of wheel speed sensors, and control ^ ^ 

the electromagnetic pressure control valve according to a relationship between the estimated vehicle speed and - 

25 the speed of each vehicle wheel. 

Where the "vehicle deceleration detecting means" in the braking system according to the present mode of the 
invention is adapted to indirectly detect the deceleration value of the vehicle body by obtaining a time derivative of • 
the vehicle speed detected by the vehicle speed sensor, this vehicle deceleration detecting means may be obtained r 
by adding only a software without adding a hardware. In this case, therefore, the vehicle deceleration detecting 

30 means advantageously has simplified construction and reduced weight and cost of manufacture. , 

The present braking system may include the feature of any one of the above modes (30)-(32) of the invention. - <: 

(34) A braking system according to the above mode (24). (25). (26), (28) or (29). wherein the above-indicated mas- „ - 
ter-cylinder-pressure-related quantity detecting means includes (a) vehicle deceleration detecting • means for -r 
detecting a deceleration value of the motor vehicle as the quantity relating to the fluid pressure of the above-indi- 

35 cated master cylinder and generating a signal representative of this quantity, and (b) master-cylinder-pressure- ... . .r? 
directly-related quantity detecting means for detecting a quantity which more directly relates to the fluid pressure of : . >r 

the above-indicated master cylinder than the above-indicated deceleration value of the motor vehicle, and wherein ^ , i 
the above-indicated determining device determines whether the above-indicated boosting limit has been reached, 
on the basis of the output signals of the above-indicated master-cytinder-pressure-directly-related quantity detect- 

40 ing means and the above-indicated booster-pressure-related quantity detecting means, when the above-indicated 
master-cylinder- pressure-directly-related quantity detecting means is normal, and determines whether the above- 
indicated boosting limit has been reached, on the basis of the output signals of the above-indicated vehicle decel- 
eration detecting means and the above-indicated booster-pressure-related quantity detecting means, when the 
above-indicated master-cylinder- pressure<lirectly-related quantity detecting means is defective. 

45 Thus, the present braking system is advantageous in that the determination as to whether the boosting limit 

has been reached can be made even where the master-cyllnder-pressure<lirectly-related quantity detecting means 
is defective. 

Where this braking system includes the feature of the above-indicated mode (31) or (32), the brake cylinder 
pressure can be effectively increased after the boosting limit of the vacuum booster has been reached, even where 
50 the master-cylinder-pressure-directly-related quantity detecting means is defective. 

The "master-cylinder-pressure-directly-related quantity detecting means" in this braking system may include at 
least one of a master cylinder pressure sensor, a brake operating force sensor and a brake operating stroke sensor, 
for example. 

(35) A braking system according to the above mode (33) or (34). wherein the above-indicated master cylinder-pres- 
55 sure-related quantity detecting means includes (a) vehicle deceleration detecting means for detecting a decelera- 
tion value of the motor vehicle as the quantity relating to the fluid pressure of the above-Indicated master cylinder 
and generating a signal representative of this quantity, and (b) master-cylinder-pressure-directly-related quantity 
detecting means for detecting a quantity which more directly relates to the fluid pressure of the above-indicated 
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master cylinder than the above-indicated deceleration value of the nrtotor vehicle, and wherein the above-indicated 
first determining means is operated on the basis of the output signals of the above-indicated master-cylinder- pres- 
sure-directly-reiated quantity detecting means and the above-indicated pressure-changing-chamber-pressure- 
related quantity detecting means, where the above-indicated master cylinder-pressure-directly-related quantity 

5 detecting means is normal, to determine that the boosting limit of the above-indicated vacuum booster has been 
reached, when an actual amount of increase of the fluid pressure of the above-indicated master cylinder after the 
pressure of the above-indicated pressure changing chamber has reached a reference value has become equal to 
an expected amount of increase thereof during a period of increase of the pressure of the pressure changing cham- 
ber from the above-indicated reference value to an atmospheric pressure, and operated on the basis of the above- 

10 indicated vehicle deceleration detecting means and the above-indicated pressure-changing- chamber-pressure- 
related quantity detecting means, where the above-indicated master-cylinder-pressure-directly-related quantity 
detecting means is defective, to determine that the boosting limit of the above-indicated vacuum booster has been 
reached, when an actual amount of increase of the deceleration value of the motor vehicle after the pressure of the 
pressure changing chamber has reached the reference value has become equal to an expected amount of 

75 increase thereof during a period of increase of the pressure of the pressure changing chamber from the above-indi- 
cated reference value to the atmospheric pressure. 

(36) A braking system according to any one of the above modes (23)-(35), further comprising vehicle deceleration 
detecting means for detecting a deceleration value of the motor vehicle as the quantity relating to the fluid pressure 
of said master cylinder and generating a signal representative of this quantity, and wherein said determining device 

20 determines whether said boosting limit has been reached, on the basis of at least the output signal of said vehicle 
deceleration detecting means, where said booster-pressure-related quantity detecting means is defective. 

Thus, this braking system is advantageous in that the boosting limit can be determined even where the 
booster-pressure-related quantity detecting means is defective. 

Where this braking system includes the feature of the above-indicated mode (31) or (32) of the invention, the 
25 brake cylinder pressure can be effectively increased after the boosting limit of the vacuum booster has been 
reached, even where the booster-pressure-related quantity detecting means is defective. 

(37) A braking system comprising: 

a brake operating member operated by an operator of a motor vehicle; 
30 a master cylinder for generating a fluid pressure based on an operation of the above-indicated brake operating 

member; 

a vacuum booster for boosting the operating force of the above-indicated brake operating member by a pres- 
sure difference between a negative pressure changer connected to a negative pressure source and a pressure 
changing chamber which is selectively communicated with the negative pressure chamber and an atmos- 
35 phere, and transferring the boosted operating force to the above-indicated master cylinder; and 

a brake including a brake cylinder which is connected through a fluid passage to the above-indicated master 
cylinder and which is activated by the fluid pressure supplied through the fluid passage, to restrain rotation of 
a wheel of the motor vehicle, 

the above-indicated braking system being characterized by comprising: 
40 booster-pressure-related quantity detecting means for detecting a quantity relating to at least one of pressures 

of the above-indicated negative pressure chamber and the above-indicated pressure changing chamber, and 
generating a signal representative of this quantity; and 

a pressure increasing device operated on the basis of at least the output signal of the above-indicated booster- 
pressure-related quantity detecting means, to increase the fluid pressure of the above-indicated brake cylinder, 
45 after the boosting limit of the above-indicated vacuum booster has been reached as a result of an increase of 

the pressure of the above-indicated pressure changing chamber to an atmospheric pressure. 



This braking system is adapted such that the brake cylinder pressure is inaeased by the pressure increasing 
so device after the moment when the boosting limit of the vacuum booster has been reached is detected with a varia- 
tion in the pressure of the negative pressure chamber being taken into account. Accordingly, the moment at which 
the pressure increase by the pressure increasing device is initiated is optimized in relation to the pressure of the 
negative pressure chamber, so that the relationship between the brake operating force and the brake cylinder pres- 
sure is advantageously held optimum, irrespective of the pressure variation of the negative pressure chamber. 
55 (38) A braking system according to any one of the above modes (23)-(37), further comprising (a) master-cylinder- 
pressure-related quantity detecting means for detecting a quantity relating to the fluid pressure of the above-indi- 
cated master cylinder and generating a signal representative of this quantity, and (b) a normal/defective determin- 
ing device operated on the basis of the output signals of the master-cylinder-pressure-related quantity detecting 
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means and the above-indicated booster-pressure-related quantity detecting means, to determine whether the 
present braking system is normal or defective. 

The relationship between the value detected by the master-cylinder-pressure-related quantity detecting means 
and the value detected by the booster-pressure-related quantity detecting means changes depending upon 

5 whether the braking system is normal, or whether any one of the master cylinder, the master-cyiinder-pressure- 

related quantity detecting means, the vacuum booster and the booster-pressure-related quantity detecting means 
is defective. Further, there is a given relationship between the relation between those two detected values and the 
condition of the braking system as to whether it is normal or defective. 

Based on this finding, the braking system according to the present mode of the invention Is adapted to com- 

10 prise a normal/defective determining device operated on the basis of the output signals of the master-cylinder-pres- 
sure-related quantity detecting means and the above-indicated booster-pressure- related quantity detecting 
means, to determine whether the present braking system is normal or defective. 

Thus, this braking system is advantageous in that the determination as to whether the braking system is nor- 
mal or defective can be effected by utilizing at least the booster-pressure-related quantity detecting means which 

15 is provided for determining the boosting limit. 
(39) A braking system comprising: 

a brake operating member operated by an operator of a motor vehicle; 

a master cylinder for generating a fluid pressure based on an operation of the above-indicated brake operating 
20 member: 

a vacuum fc^ooster for boosting the operating force of the at^ove-indicated brake operating member by a pres- 
sure difference between a negative pressure changer connected to a negative pressure source and a pressure 
changing chamber which is selectively communicated with the negative pressure chamber and an atmos- 
phere, and transferring the boosted operating force to the above-indicated master cylinder; and 
25 a brake including a brake cylinder which is connected through a fluid passage to the above-indicated master ; 

cylinder and which is activated by the fluid pressure supplied through the fluid passage, to restrain rotationyof ^ 
a wheel of the motor vehicle, 

the above-indicated braking system being characterized by comprising: 

master-cylinder-pressure-related quantity detecting means for detecting a quantity relating to the fluid pressure 
30 of the above-indicated master cylinder, and generating a signal representative of this quantity; 

booster-pressure-related quantity detecting means for detecting a quantity relating to at least one of pressures 
of the above-indicated negative pressure chamber and pressure changing chamber, and generating a signals- 
representative of this quantity; and * : 
a normal/defective determining device operated on the basis of the output signals of the above-indicated mas-/. 
35 ter-cylrnder-pressure-related quantity detecting means and booster-pressure-related quantity detecting-. 

means, to determine whether the present braking system is normal or defective. - * 



In this braking system, the determination as to whether the present braking system is normal or defective can 
40 be effected by utilizing a given relationship between a relationship between the value detected by the master-cylin- 
der-related quantity detecting means and a value detected by the booster-pressure-related quantity detecting 
means, and the condition of the braking system as to whether the braking system is normal or defective. 
(40) A braking system according to any one of the above forms (1)-(22), further comprising: 

45 a booster for boosting the operating force of the above-indicated brake operating member and transferring the 

boosted operating force to the above-indicated master cylinder; 

an operating-stroke-related quantity sensor for detecting a quantity relating to an operating stroke of the above- 
indicated brake operating member; 

a master-cylinder-pressure-related quantity sensor for detecting a quantity relating to the fluid pressure of the 
so above-indicated master cylinder; and 

boosting ratio reduction determining means for determining, on the basis of signals of the above-indicated 
operating-stroke-related sensor and said master-cylinder-pressure-related quantity sensor, that a boosting 
ratio of said booster has been reduced below a normal value, when a rate of increase of the above-indicated 
operating stroke with an Increase in the above-indicated master cylinder pressure has increased. 

55 

A braking system for a motor vehicle generally includes (a) a brake operating member such as a brake pedal, 
which is operated by an operator of the motor vehicle, (b) a master cylinder for generating a fluid pressure based 



21 



BNSDOCID: <EP_0928730A1J_;> 



EP 0 928 730 A1 

on an operation of the brake operating member, (c) a booster for boosting the operating force of the brake operating 
member and transferring the boosted operating force to the master cylinder, and (d) a brake having a brake cylinder 
which is connected through a fluid passage to the master cylinder and which is activated by the fluid pressure 
applied through the fluid passage, to restrain rotation of a wheel of the motor vehicle. Generally, the booster 

5 includes (a) an input member displaced based on an operation of the brake operating member, (b) a power piston 

disposed displaceably relative to the input member, (c) a stopper for determining a minimum distance between the 
input member and the power piston, (d) a power piston drive device for operating the power piston with a power 
from a drive power source, on the basis of a relative displacement between the input member and the power piston, 
and (e) an output member for transferring an operating force of the power piston to the master cylinder. 

10 The present inventors previously proposed to provide the above-indicated braking system with a boosting ratio 

reduction determining device for detecting that the boosting ratio of the booster has been reduced during a braking 
operation. The inventors further proposed to embody the boosting ration reduction determining device as a post- 
boosting-limit state determining device for determining that the boosting ratio has been reduced, if the boosting limit 
of the booster has been reached. This determination is based on a fact that the boosting ratio of the booster has 

15 been reduced when the boosting limit of the booster has been reached. The proposed post-boosting-limit state 
determining means includes (a) a master cylinder pressure sensor for detecting the fluid pressure of the master cyl- 
inder, and (b) post-boosting-limit state determining means for determining, on the basis of a signal of the master 
cylinder pressure sensor, that the boosting limit of the booster has been reached, when the master cylinder pres- 
sure has reached a value which is expected to be established when the boosting limit of the booster has been 

20 reached while the booster is placed in a standard operating condition. Where the booster is a vacuum booster, the 
operating condition of the booster is the pressure in the negative pressure chamber of the vacuum booster, for 
example. The boosting ability of the booster when the boosting limit has been reached depends upon the pressure 
in the negative pressure chamber. 

However, the inventors recognized that this embodiment of the boosting ratio reduction determining device had 

25 a room for improvement. That is, the booster is not always placed in the standard operating condition. 'When the 
operating condition of the booster is not standard, the master cylinder pressure when the boosting limit of the 
booster has been actually reached is not standard. However, since the above arrangement is based on an assump- 
tion that the booster is always placed in the standard operating condition, the accuracy of determination of the 
boosting ratio reduction determining device may be deteriorated. Therefore, the arrangement in question is 

30 required to be improved for increasing the accuracy of determination. 

The braking system according to the present mode of the invention was developed in the light of the above 
background situation. The object of this mode of the invention Is to provide a braking system capable of accurately 
detecting reduction in the boosting ratio of the booster. 

The above object may be achieved by providing the braking system according to any one of the above modes - 

35 (1)-(22) with (a) a booster for boosting the operating force of the above-indicated brake operating member and 
transferring the boosted operating force to the above-indicated master cylinder, (b) an operating-stroke-related 
quantity sensor for detecting a quantity relating to an operating stroke of the above-indicated brake operating mem- 
ber, (c) a master-cylinder-pressure-related quantity sensor for detecting a quantity relating to the fluid pressure of 
the above-indicated master cylinder, and (d) boosting ratio reduction determining means for determining, on the 

40 basis of signals of the above-indicated operating-stroke-related sensor and said master-cylinder- pressure-related 
quantity sensor, that a boosting ratio of said booster has been reduced below a normal value, when a rate of 
increase of the above-indicated operating stroke with an increase in the above-indicated master cylinder pressure 
has increased. 

The present inventors recognized that the booster generally has the following characteristics. That is, the rate 
45 of increase of the operating stroke with an increase in the master cylinder pressure after the boosting limit of the 
booster has been reached and before the above-indicated input member comes into abutting contact with the stop- 
per is higher than that before the boosting limit has been reached, and that the rate of increase of the operating 
stroke before the boosting limit of the booster has been reached is higher when the brake operating member is 
operated relatively rapidly than when it is operated at a normal velocity. 
50 Based on these general characteristics of the booster, the above-indicated braking system is adapted to deter- 

mine that the boosting ratio of the booster has been reduced, if the rate of increase of the operating stroke has 
increased. 

Accordingly, where this braking system is adapted to determine that the boosting ratio of the booster has been 
reduced when the boosting limit has been reached, the determination that the boosting limit of the booster has 
55 been reached is made when the boosting limit has been actually reached, irrespective of whether the booster is 
placed in the standard operating condition or not. Thus, the accuracy of determination can be improved. 

This braking system may be adapted to determine that the boosting ratio has been reduced, if the power piston 
has a delayed response to the operating stroke of the input member, that is. if the operating force of the power pis- 
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ton is not able to increase following an increase in the operating stroke of the input member, due to rapid operation 
of the brake operating member. In this case, the delayed response of the booster can be correctly detected. 

In the present braking system, the "operating-stroke-related quantity sensor" may be an operating-stroke sen- 
sor for detecting the operating stroke of the brake operating member, or a sensor for detecting the operating stroke 
5 of a linkage member which is linked with the input member and which is other than the brake operating member. 

The "master-cylinder-pressure-related quantity sensor" may be a master cylinder pressure sensor for detecting the 
master cylinder pressure, an output member operating force sensor for detecting the operating force of the output 
member, a vehicle deceleration sensor for detecting the deceleration value of the motor vehicle, or a sensor for 
detecting a physical quantity which varies with the operating force of the output member and which is other than 
10 the master cylinder pressure and the vehicle deceleration value. 

The "booster" in this braking system may be a vacuum booster operated by a negative pressure source as a 
drive power source, or a hydraulic booster operated by a high-pressure source as the drive power source. 

The "normal value of the boosting ratio" in this braking system may be defined as a value which is expected to 
be established when the operating condition of the booster is normal, that is, before the boosting limit of the booster 
15 has been reached and when the booster is free from a delayed response. 

It is noted that the braking system according to the present mode of the invention may be constructed without 
the pressure increasing device described with respect to the mode (1). 

(41) A braking system according to the above mode (40), wherein the above-indicated booster includes (a) an input 
member displaced based on the operation of the atx>ve-indicated brake operating member, (b) a power piston dis- 

20 posed displaceably relative to the input member, (c) a stopper for determining a minimum distance between the 
input member and the power piston, (d) a power piston driving device for operating the power piston with a power 
from a drive power source, on the basis of a relative displacement between the input member and the power piston, 
and (e) an output member for transferring the operating force of the power piston to the master cylinder. 

(42) A braking system according to the above mode (40). wherein the above-indicated booster is a vacuum booster 
25 in which the akDove-indicated drive power source is a negative pressure source, and the above-indicated power pis-. 

ton is provided movably within a booster housing, so as to divide the interior space of the booster housing into a 
negative pressure chamber communicating with the negative pressure source, and a pressure changing chamber, 
the above-indicated power piston driving device being operated on the basis of the relative displacement between 
the above-indicated input member and the power piston, for selective communication of the above-indicated pres- 
30 sure changing chamber with the negative pressure chamber and an atmosphere, so as to operate the power piston 
by a pressure difference of those negative pressure and pressure changing chambers. 

(43) A braking system according to any one of the above modes (40)-(42), wherein the above-indicated increase 
of the above-indicated rate of increase of the operating stroke includes an absolute increase exceeding a predeter- 
mined value. »■ 

35 (44) A braking system according to the above mode (43), wherein the above-indicated boosting ration reduction 
determining means includes boosting limit reaching determining means for determining that a boosting limit of the 
above-indicated booster has been reached, when the above-indicated rate of increase of the operating stroke has 
exceeded the above-indicated value after the above-indicated operating stroke or the above-indicated master cyl- 
inder pressure has exceeded a reference value. 

40 The rate of increase of the operating stroke exceeds the predetermined value, not only when the boosting limit 

of the booster has been reached, but also when the booster has a delayed response. Therefore, the mere determi- 
nation as to whether the rate of increase of the operating has exceeded the predetermined value does not permit 
a distinction between the reaching of the boosting limit of the booster and the delayed response of the booster. On 
the other hand, it is noted that the operating stroke or master cylinder pressure Is usually Increased to a certain 

45 extent when the boosting limit of the booster has been reached. 

In view of this, the present braking system is adapted to determine that the boosting limit of the booster has 
been reached, when the rate of increase of the operating stroke has exceeded the predetermined value after the 
operating stroke or master cylinder pressure has exceeded the reference value. 

This braking system Is therefore capable of accurately determining whether the boosting limit of the booster 

50 has been reached. 

(45) A braking system according to any one of the above modes (40)-(42). wherein the above-indicated boosting 
ratio reduction determining means repeatedly obtains the above-indicated rate of increase of the operating stroke, 
and the above-indicated increase of the rate of increase of the operating stroke includes an absolute increase in 
which a value of the rate of increase of the operating stroke obtained In a present cycle is higher than that obtained 

55 in a last cycle. 

(46) A braking system according to any one of the above modes (40)-(45), wherein the above-Indicated boosting 
ratio reduction determining means includes post-boosting-limit state determining means for determining, on the 
basis of the above-indicated rate of Increase of the operating stroke, whether the boosting limit of the booster has 
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been reached, and determining, after the determination that the boosting limit has been reached, that the boosting 
limit of the booster has been reached, as long as the above-indicated operating stroke or the above-indicated mas- 
ter cylinder pressure is equal to or more than a value at which the determination that the boosting limit has been 
reached is made. 

5 The rate of increase of the operating stroke is increased only at a point of time immediately after the boosting 

limit of the booster has been reached, and will not be increased thereafter. On the other hand, after the determina- 
tion that he boosting limit of the booster has been reached is made during a given braking operation, the operating 
condition of the booster is not considered to vary in a significant degree. Accordingly, after the determination on the 
rate of increase of the operating stroke that the boosting limit of the booster has been reached, another physical 

10 quantity which changes before and after the boosting limit of the booster is compared with a reference value, which 
may be determined to be a value which is expected to be established when the determination that the boosting limit 
has been reached is made on the basis of the rate of increase of the operating stroke. 

Based on the above finding, the above-indicated braking system is adapted to determine, after the determina- 
tion on the rate of increase of the operating stroke, that the boosting limit of the booster has been reached, as long 

15 as the above-indicated operating stroke or the above-indicated master cylinder pressure is equal to or more than a 
value at which the determination that the boosting limit has been reached is made. 

Thus, this braking system is capable of accurately determining whether the boosting limit of the booster has 
been reached. 

(47) A braking system according to any one of the above modes (40)-(46). wherein the above-indicated booster is 
20 a vacuum booster for boosting the above-indicated operating force on the basis of a pressure difference between 

a negative pressure chamber communicating with a negative pressure source and a pressure changing chamber 
which is selectively communicated with the negative pressure chamber and an atmosphere, the braking system in 
question further comprising a booster pressure sensor for detecting a pressure in the negative pressure chamber 
or pressure changing chamber of the above-indicated vacuum booster, and wherein the above-indicated boosting 

25 ratio reduction determining means includes post-boosting-limit state determining means for determining whether 
the boosting limit of the above-indicated vacuum booster has been reached, the post-boosting-limit state determin- 
ing means having (a) sensor-defect determining means for determining whether the above-indicated booster pres- 
sure sensor is defective, and (b) limit determining means for determining whether the boosting limit of the vacuum 
booster has been reached, on the basis of at least the signal from the booster pressure sensor, where the sensor- 

30 defect determining means does not determines that the booster pressure sensor is defective, and determining 
whether the boosting limit of the vacuum booster has been reached, on the basis of the above-indicated rate of 
increase of the operating stroke, where the sensor-defect determining means determines that the booster pressure 
sensor is defective. 

(48) A braking system according to any one of the above modes (40)-(47) further comprising a pressure increasing 
35 device for increasing the fluid pressure of the above-indicated brake cylinder with respect to the fluid pressure of 

the above-indicated master cylinder, when the above-indicated boosting ratio reduction determining means deter- 
mines that the above-indicated boosting ratio has been reduced. 

According to this braking system, the operating force is boosted by the pressure increasing device after the 
boosting ratio has been reduced, so that the braking effect is advantageously increased to improve the braking per- 
40 formance even after the boosting ratio has been reduced. 

(49) A braking system according to the above mode (48), wherein the pressure increasing device includes (a) a 
control valve disposed in the above-indicated fluid passage and having a plurality of selectively established operat- 
ing states including a state for permitting flows of the working fluid in opposite directions between the above-indi- 
cated master cylinder and brake cylinder, and a state for inhibiting at least the flow of the working from from the 

45 brake cylinder toward the master cylinder, (b) a pump whose delivery side is connected to a portion of the fluid pas- 
sage between the control valve and the above-indicated brake cylinder and which sucks the working fluid on its suc- 
tion side and delivers the working fluid from its delivery side, and (c) a pump operating device for activating the 
above-indicated pump after the above-indicated boosting ratio reduction determining means has determined that 
the boosting ratio has been reduced. 

50 (50) A braking system according to the above mode (49), wherein the suction side of the above-indicated pump is 
connected to a portion of the above-indicated fluid passage between the above-indicated master cylinder and the 
above-indicated control valve. 

According to this braking system, the fluid pressure generated by the master cylinder during a braking opera- 
tion is effectively utilized to increase the pressure of the brake cylinder. 

55 In this braking system, the "portion of the fluid passage between the master cylinder and the control valve" 

should not be interpreted to exclude points of connection of the fluid passage to the master cylinder and the control 
valve, and therefore the "suction side of the pump" may be connected directly to the pressurizing chamber of the 
master cylinder, or to the fluid passage extending from this pressurizing chamber. 
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(51) A braking system according to any one of the above modes (10)-(50), wherein the above-indicated master cyl- 
inder has a pressurizing chamber formed between a master cylinder housing and a pressurizing piston slidably 
received in the master cylinder housing, the above-indicated braking system further comprising operation-related 
quantity detecting means for detecting an operation amount consisting of at least one of an operating force and an 

5 operating stroke of the above-indicated brake operating member, and wherein the above-indicated pressure 

increasing device is adapted such that the above-indicated pump is activated to pump up the working fluid from the 
pressurizing chamber of the above-irdicated master cylinder and deliver the working fluid toward the brake cylinder 
to thereby increase the fluid pressure of the brake cylinder to be higher than the fluid pressure of the master cylin- 
der, after a pressure increase initiating condition is satisfied during an operation of the brake operating member. 

70 while at least a flow of the working fluid from the above-indicated brake cylinder toward the above-indicated master 
cylinder is inhibited by the above-indicated fluid flow control device, and such that pumping of the working fluid by 
the above-indicated pump is temporarily stopped at least once after the above-indicated pressure increase initiat- 
ing condition is satisfied, the above-indicated pressure increasing device controlling the fluid pressure of the above- 
indicated brake cylinder on the basis of at least one value detected by the above-indicated operation-related quan- 

75 tity detecting means while the pumping is stopped. 

A braking system for a motor vehicle generally includes (a) a brake operating member such as a brake pedal, 
which is operated by an operator of the motor vehicle, (b) a master cylinder having a pressurizing chamber formed 
between a master cylinder housing and a pressurizing piston slidably received in the master cylinder housing, and 
(c) a a brake having a brake cylinder which is connected through a fluid passage to the master cylinder and which 

20 is activated by the fluid pressure applied through the fluid passage, to restrain rotation of a wheel of the motor vehi- 
cle. 

The present inventors previously developed a braking system, which includes (a) operation-related quantity 
detecting means, such as an operating force sensor or an operating stroke sensor, for detecting an operation 
amount consisting of at least one of an operating force and an operating stroke of a brake operating member, and 

2S (b) a pressure increasing device for activating an pump to pump up the working fluid from the master cylinder and 
deliver the working fluid toward the brake cylinder, to increase the fluid pressure of the brake cylinder to be}higher 
than the fluid pressure of the master cylinder, after a pressure increase initiating condition is satisfied, while.at least 
a flow of the working fluid from the brake cylinder toward the master cylinder is inhibited, the pressure increasing 
device controlling the pump on the basis of a value detected by the operation-related quantity detecting means after 

30 the pressure increase initiating condition is satisfied. The "pressure inaease initiating condition" may be satisfied, 
for example, when the boosting limit of a booster for boosting the operating force of the brake operating member . 
and transferring the boosted operating force to the master cylinder has been reached, when the operating speed 
of the brake operating member has exceeded a reference value, or when the brake operating member is operated 
abruptly with the operating speed exceeding a reference value. The booster may be a vacuum booster adapted to 

35 boost the operating force with a pressure difference between a negative pressure chamber and a pressure chang- 
ing chamber which is selectively communicated with the negative pressure chamber and the atmospheric, or a 
hydraulic booster adapted to tx>ost the operating force with a pressure in a hydraulic power chamber which is selec- 
tively communicated with a high-pressure source and a low-pressure source. 

However, a study by the present inventors revealed that this braking system developed has a problem that the 

40 accuracy of detection of the operator's desire regarding the braking system (vehicle deceleration value or a rate of 
change thereof) is lowered while the pressure of the brake cylinder is increased by the pump. During the increase 
of the brake cylinder pressure in which the working fluid is pumped up by the pump from the master cylinder, the 
pressurizing piston is advanced due to a decrease in the volume of the pressurizing chamber. As a result, the oper- 
ating stroke of the brake operating member tends to be larger, or the operating force tends to be smaller, than that 

4S desired by the operator That is, the operating stroke or force is influenced by the pump. Thus, the developed brak- 
ing system has a problem that the operation amount is different from that desired by the operator during an 
increase of the brake cylinder pressure by the pump, and that the operator's desire cannot be accurately detected. 

The braking system according to the present mode of this invention was developed in view of the above back- 
ground situation. The object of this mode is to provide a braking system capable of correctly detecting the opera- 

50 tor's desire while the brake cylinder pressure is increased by the pump. 

This object is achieved by the braking system according to any one of the above modes (10)-(40). wherein the 
above-indicated master cylinder has a pressurizing chamber formed between a master cylinder housing and a 
pressurizing piston slidably received in the master cylinder housing, the above-indicated braking system further 
comprising operation-related quantity detecting means for detecting an operation amount consisting of at least one 

55 of an operating force and an operating stroke of the above-indicated brake operating member, and wherein the 
above-indicated pressure increasing device is adapted such that the above-indicated pump is activated to pump up 
the working fluid from the pressurising chamber of the above-indicated master cylinder and deliver the working fluid 
toward the brake cylinder to thereby increase the fluid pressure of the brake cylinder to be higher than the fluid 
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pressure of the master cytinder, after a pressure increase initiating condition is satisfied during an operation of the 
brake operating member, while at least a flow of the working fluid from the above-indicated brake cylinder toward 
the above-indicated master cylinder is inhibited by the above-indicated fluid flow control device, and such that 
pumping of the working fluid by the above-indicated pump is temporarily stopped at least one after the above-indi- 

5 cated pressure increase initiating condition is satisfied, the above-indicated pressure increasing device controlling 
the fluid pressure of the above-indicated brake cylinder on the basis of at least one value detected by the above- 
indicated operation-related quantity detecting means while the pumping is stopped. 

It is considered that while the pumping of the working fluid by the pump is stopped, the pump does not have 
influences on the operating force and on the rate of change (changing speed) of the operating force and stroke. In 

10 the present braking system, the pumping of the working fluid by the pump is temporarily at least one after the pres- 
sure increase initiating condition is satisfied, until the increase of the brake pressure is terminated, and the brake 
cylinder pressure is controlled on the basis of at least one value detected by the operation-related quantity detect- 
ing means while the pumping is stopped. Accordingly, the present braking system is capable of correctly detecting 
the operator's desire, without an influence by the pump, after the pressure increase initiating condition is satisfied 

15 (after the pressure increase control is initiated), so that the operator's desire is correctly reflected on the brake cyl- 
inder pressure after the pressure increase initiating condition is satisfied, as well as before the condition is satisfied 
(before the pressure increase control is initiated). As a result, the braking system can be easily manipulated by the 
operator. 

The "stopping of the pumping" in this braking system may be effected by turning off the pump, or by controlling 
20 a control valve provided on the suction or delivery side of the pump while holding the pump in operation. 

Further, the "pressure increasing device" in this braking system may be adapted to control the brake cylinder 
pressure on the basis of the value detected by an operating force sensor as the operation-related quantity detecting 
means, while the pumping is stopped. In this arrangement, the "pressure increasing device" may include operating 
force depending type control means for controlling the brake cylinder pressure on the basis of the detected value 
25 of the operating force sensor, such that the brake cylinder pressure increases with the detected value. 

Further, the "pressure increasing device" in this braking system may be adapted to control the brake cylinder 
pressure on the basis of one value detected each time the pumping is stopped, as "at least one value detected by 
the operation-related quantity detecting means", or on the basis of a plurality of values detected each time the 
pumping is stopped, as "at least one value detected by the operation-related quantity detecting means". In the latter 
30 arrangement, the braking cylinder pressure may be controlled on the basis of an average of the plurality of values 
detected, or on the basis of a rate of change of the plurality of detected values. 

The braking system according to this mode of this invention may be constructed without the pressure changing 
device described with respect to the above mode (1). 

(52) A braking system according to the above mode (51 ), wherein said pressure increasing device includes change 

35 rate depending type control means for controlling the above-indicated brake cylinder pressure on the basis of a rate 
of change of the value detected by the above-indicated operation -related quantity detecting means while the 
above-indicated pumping is stopped. 

in this braking system, the brake cylinder pressure is controlled on the basis of the rate of change of the value 
detected by the operation-related quantity detecting means during stopping of the pumping, accordingly, this brak- 

40 ing system is capable of correctly detecting the rate of change of the operating force or the rate of change of the 
operating stroke, without an Influence of the pump, so that the rate of change of the operating force or the rate of 
change of the operating stroke after the increase of the brake cylinder pressure is initiated is correctly reflected on 
the brake cytinder pressure. As a result, the braking system can be easily manipulated by the operator. 

The "pressure increasing device" in this braking system may include control means for controlling the above- 

45 indicated brake cylinder pressure on the basis of the value detected while the pumping is temporarily stopped at 
least once for a predetermined time. In this arrangement, the relationship between the predetermined time and the 
amount of change of the detected value for the predetermined time represents the "rate of change of the value 
detected". The "predetermined time" in this arrangement may be a constant value or may be changed as needed. 
Where the "predetermined time" is constant, the above-indicated control means may be adapted to control the 

50 brake cylinder pressure on the basis of the amount of change of the value detected during stopping of the pumping, 
since the "rate of change" and the "amount of change" are directly proportional to each other in this case wherein 
the "predetermined time" is held unchanged. In this case, the "pressure increasing device" may be adapted to 
obtain the "amount of change" as a difference between an initial value detected at the beginning of each period of 
stopping of the pumping and a final value detected at the end of that period. 

55 (53) A braking system according to the above mode (52), wherein the above-indicated change rate depending type 
control means includes pressure increase rate control means for controlling a rate of increase of the above-indi- 
cated brake cylinder pressure such that the rate of increase is higher when the above-indicated rate of change is 
relatively high than it is relatively low. 



BNSOOCID: <EP_0928730A1J_> 



EP 0 928 730 A1 

IN this braking system, the rate of increase of the brake cylinder pressure is determined such that the rate of 
increase is higher when the rate of change of the value detected during stopping of the pumping is relatively high 
than it is relatively low. In this braking system, therefore, the rate of increase of the brake cylinder pressure is higher 
when the operation amount of the brake operating member by the operator is changed relatively rapidly than when 
5 it is not changed relatively rapidly, so that the rate of increase of the brake cylinder pressure is optimized in relation 

to the operator's desire to change the deceleration value of the motor vehicle. 

(54) A braking system according to any one of the above modes (51 )-(53). wherein said pressure increasing device 
includes (a) pumping stop means for temporarily stopping the pumping of the working fluid by the above-indicated 
pump at least once for a predetermined time after the above-indicated pressure increase initiating condition is sat- 

10 isfied. (b). control state determining means for determining the control state of the above- indicated brake cylinder 
pressure on the basis of the rate of change of the value detected by the above-indicated operation-related quantity 
detecting means during stopping of the pumping, and (c) control means for controlling the above-indicated brake 
cylinder pressure in the determined control state. 

As the "control state of the brake cylinder pressure" in this braking system, a rate of increase of the brake cyl- 

15 inder pressure may be selected. 

(55) A braking system according to the above mode (54), wherein said pumping stop means includes means for 
stopping the above-indicated pumping a plurality of times each for the above-indicated predetermined time after the 
above-indicated pressure increase initiating condition is satisfied, and means for determining the above-indicated 
control state on the basis of a sum of amounts of change of the values detected by the above-indicated operation- 

20 related quantity detecting means during the above-indicated plurality of times of stopping of the pumping. 

In this braking system, the pumping is stopped the plurality of times after the pressure increase initiating con- 
dition is satisfied, and the brake cylinder pressure is controlled on the basis of the sum of the amounts of change 
of the values detected during the plurality of times of stopping of the pumping. In this braking system, therefore, the 
operator's desire can be detected for a longer length of time, than in the braking system according to the preceding 
25 mode wherein the pumping is stopped only once after the pressure increase initiating condition is satisfied, and the 
brake cylinder pressure is controlled on the basis of the amount of change during the single stopping of the pump- 
ing. Accordingly, the accuracy of detection of the operator's desire can be easily improved. • 

The "pressure increasing device" in this braking system may be adapted to determine the present control state 
of the brake cylinder pressure depending upon the present value of the sum of the amounts of change, and accord- 
so ing to a predetermined relationship between the sum of the amounts of change and the control state of the brake 
cylinder pressure. Alternatively, the "pressure increasing device" may be adapted to determine the present control 
state of the brake cylinder pressure depending upon an average of the sum of the amounts of change. namely,,a 
value obtained by dividing the sum by the number of times of stopping of the pumping, and according to a prede- 
termined relationship between the amount of change during each stopping of the pumping and the control state of 
35 the brake cylinder pressure. v. 

(56) A braking system according to any one of the above mode (51)-(55). wherein the above- indicated pressure 
increasing device includes (a) an inflow control valve switchable between a first first state for permitting a flow of 
the working fluid from the above-indicated pressurizing chamber into the above-indicated pump and a second state 
for inhibiting this flow of the working fluid, and (b) inflow control valve utilizing type pumping stop means for placing 

40 the inflow control valve in the second state, for thereby stopping the pumping of the working fluid by the above-indi- 
cated pump. 

In this braking system, the pumping of the working fluid by the pump is temporarily stopped by the inflow control 
valve disposed between the suction side of the pump and the pressurizing chamber of the master cylinder. On the 
other hand, the inflow control valve generally has a higher operating response to an external signal, than the pump. 

45 Accordingly, the pumping of the working fluid by the pump can be stopped and resumed with a higher response, 
where the inflow control valve is used to stop and resume the pumping, than where the pump is turned on and off 
to stop and resume the pumping. In this braking system, therefore, the period of time during which the pumping of 
the working fluid is stopped to detect the operator's desire can be shortened, permitting correct detection of the 
operator's desire without considerably sacrificing the pressure increase by the pump. 

50 (57) A braking system according to any one of the above modes (51 )-(56). further comprising a booster for boosting 
the above-indicated operating force and transferring the boosted operating force to the above-indicated master cyl- 
inder, and wherein said pressure increase initiating condition includes a condition that the boosting limit of this 
booster has been reached. 

In this braking system, the fluid pressure of the brake cylinder is increased by the pressure increasing device, 
55 to be higher than the fluid pressure of the master cylinder after the boosting limit of the booster has been reached 
during an operation of the brake operating member. Accordingly, this braking system permits the brake cylinder 
pressure to be sufficiently high for improving the braking capacity of the motor vehicle, even after the boosting limit 
has been reached. 
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(58) A braking system according to any one of the above modes (51)-(57), wherein said pressure increasing device 
further includes a fluid flow control valve disposed in the above-indicated fluid passage and switchable between a 
first state for permitting flows of the working fluid in opposite directions between the above-indicated master cylin- 
der and brake cylinder and inhibiting at least the flow of the working fluid from the brake cylinder toward the master 

5 cylinder, and the above-indicated pump Is connected at its suction side to the above-indicated master cylinder and 
at its delivery side to a portion of the above-indicated fluid passage between the fluid flow control valve and the 
brake cylinder, the above-indicated pressure increasing device activating the above-indicated pump with the above- 
indicated fluid flow control valve placed in the second state, for thereby increasing the fluid pressure of the above- 
indicated brake cylinder. 

10 The "fluid flow control valve" in this braking system may be an electromagnetic type having a solenoid and a 

plurality of operating states which are selectively established by a magnetic force, or a mechanical type having a 
plurality of operating states which are selectively established by a pressure difference between the master cylinder 
and the brake cylinder. Where the fluid flow control valve is the mechanical type, the pressure difference between 
the master cylinder and the brake cylinder may be mechanically controlled, or electromagnetically controlled with 

15 a magnetic force of the solenoid. 

(59) A braking system according to the above mode (58), wherein the above-indicated fluid flow control valve has 
the aboveO=-indicated first and second states which are electromagnetically selected, and the above-indicated 
pressure control valve further includes a pressure control valve disposed between a portion of the above-indicated 
fluid passage between the above-indicated fluid flow control valve and a point of connection of the fluid passage to 

20 the delivery side of the above-indicated pump, the pressure control valve being electromagnetically switchable 
between a state for communication of the above-indicated brake cylinder with the fluid flow control valve and the 
pump, and a state for disconnection of the brake cylinder from the fluid flow control valve and the pump, the pres- 
sure control valve cooperating with the fluid flow control valve to control the fluid pressure of the brake cylinder. 

(60) A braking system according to the above mode (59), wherein the above-indicated pressure increasing valve 
25 includes (a) pump control means for activating the above-indicated pump, and (b) control valve control means for 

electromagnetically controlling the above-indicated fluid flow control valve and pressure control valve while the 
above-indicated pump is in operation. 

(61) A braking system according to the above mode (58) or (59), wherein the above- indicated pressure increasing 
device includes (a) fluid flow control valve control means for placing the above-indicated fluid flow control valve in 

30 the above-indicated second state, and (b) delivery amount control means for controlling a delivery amount of the 
working fluid from the above-indicated pump when the above-indicated fluid flow control valve is placed in the sec- 
ond state. 

(62) A braking system according to the above mode (61), wherein the above-indicated delivery amount control 
means includes motor duty control means for controlling a duty ratio of a current for energizing a motor for driving 

35 the above-indicated pump. 

(63) A braking system according to the above mode (61), wherein the above=indicated delivery amount control 
means includes an inflow control valve duty control means for controlling a duty ratio of a current for energizing a 
solenoid of the above-indicated inflow control valve. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Fig. 1 is a schematic view schematically showing a general arrangement of an anti-lock type braking system of a 
45 first embodiment of this invention. 

Fig. 2 is a view showing a mechanical arrangement of the first embodiment. 

Figs. 3 are cross sectional views for explaining the construction and operation of a pressure control valve in Fig. 2. 
Fig. 4 is a block diagram showing an electrical arrangement of the above-indicated first embodiment. 
Fig. 5 is a flow chart showing a braking effect characteristic control routine executed by a computer of an ECU in 
50 Fig. 4. 

Fig. 6 is a graph showing a relationship between master cylinder and desired pressure difference AP in the 
above-indicated first embodiment. 

Fig. 7 is a graph showing a relationship among the desired pressure difference AP, solenoid attracting force F1 and 
solenoid current I in the above-indicated first embodiment. 
55 Fig. 8 is a graph for explaining the content of step 86 in Fig. 5. 
Fig. 9 is a flow chart showing details of step 86 in Fig. 5. 

Fig. 10 is a schematic view showing an anti-lock type braking system of a second embodiment of this invention. 
Fig. 1 1 is a block diagram showing an electrical arrangement of the second embodiment. 
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Fig. 12 is a flow chart showing a braking effect characteristic control routine executed by a computer of an ECU in 
the second embodiment. 

Fig. 13 is a view showing an anti-lock type braking system of a third embodiment of this invention. 

Figs. 14 are cross sectional views for explaining the construction and operation of a pressure control valve in Rg. 

5 13- 

Figs. 15 are graphs showing a relationship between master cylinder pressure Pm and brake cylinder pressure Pb 
and a relationship between brake operating force F and vehicle deceleration G in the above-indicated third embod- 
iment. 

Fig. 16 is a block diagram showing an electrical arrangement of the above-indicated third embodiment. 
10 Fig. 1 7 is a flow chart showing a braking effect characteristic control routine executed by a computer of an ECU in 
Fig. 16. 

Fig. 18 is a schematic view showing an anti-lock type braking system of a fourth embodiment of this invention. 
Fig. 19 is a schematic view showing an anti-lock type braking system of a fifth embodiment of this invention. 
Fig. 20 is a block diagram showing an electrical arrangement of the fifth embodiment. 
15 Fig. 21 is a flow chart showing a braking effect characteristic control routine executed by a computer of an ECU in 
Fig. 20. 

Figs. 22 are graphs respectively showing relationships between master cylinder pressure Pm and desired pressure 
difference AP when booster is normal and abnormal. 

Fig. 23 is a schematic view showing an anti-lock type braking system of a sixth embodiment of this invention. 
20 Fig. 24 is a block diagram showing an electrical arrangement of the sixth embodiment. 

Fig. 25 is a flow chart showing a BA characteristic control routine executed by a computer of an ECU in Fig. 24. 
Fig. 26 is a schematic view showing an anti-lock type braking system of a seventh embodiment of this invention. 
Fig. 27 is a block diagram showing an electrical arrangement of the seventh embodiment. 

Fig. 28 is a flow chart showing a braking effect characteristic control routine executed by a computer of an ECU in 
25 Fig. 27. . 

Fig. 29 is a block diagram showing an electrical arrangement of an anti-lock type braking system of an.*eighth 
embodiment of this invention. 

Fig. 30 is a flow chart showing a braking effect characteristic control routine executed by a computer of an ECU in 
Fig. 29. y. 
30 Fig. 31 is a block diagram for explaining a principle of detecting vehicle deceleration in the above-indicated, eighth 
embodiment. e 
Fig. 32 is a block diagram showing an electrical arrangement of an anti-lock type braking system of a ninth embod- 
iment of this invention. 

Fig. 33 is a flow chart showing a braking effect characteristic control routine executed by a computer of an ECU in 
35 Fig. 32. 

Fig. 34 is a block diagram showing an electrical arrangement of an anti-lock type braking system of a tenth erribod- 
iment of this invention. 

Fig. 35 is a flow chart showing a braking effect characteristic control routine executed by a computer of an ECU in 

Fig. 34. 

40 Fig. 36 is a block diagram showing an electrical arrangement of an anti-lock type braking system of an eleventh 

embodiment of this invention. 

Fig. 37 is a flow chart showing a braking effect characteristic control routine executed by a computer of an ECU in 
Fig. 36. 

Fig. 38 is a graph showing a relationship between master cylinder pressure P^ and desired pressure difference AP 
45 in the above-indicated eleventh embodiment. 

Fig. 39 is a schematic view showing an anti-lock type braking system of a twelfth embodiment of this invention. 

Fig. 40 is a schematic view showing an anti-lock type braking system of a thirteenth embodiment of this invention. 

Fig. 41 is a schematic view showing an anti-lock type braking system of a fourteenth embodiment of this invention. 

Fig. 42 is a graph for explaining the contents of the braking effect characteristic control routines and BA character- 
so istic control routines executed in the several embodiments, and a relationship among them. 

Fig. 43 is a block diagram showing a general arrangement of a braking system. 

Fig. 44 is a graph for explaining a general characteristic of a booster. 

Fig. 45 is a graph for explaining a change in relationship between brake operating force F and vehicle deceleration 
G, due to a friction coefficient of braking friction member. 
55 Fig. 46 is a graph for explaining a change in relationship between brake operating force F and vehicle deceleration 
G, due to a servo ratio of booster. 

Fig. 47 is a schematic view schematically showing a general arrangement of a braking system of a fifteenth embod- 
iment of this invention. 
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Fig. 48 is a schematic view showing a mechanical arrangement of the fifteenth embodiment. 
Fig. 49 is a side view in cross section of a vacuum booster in Fig. 48. 

Fig. 50 is a block diagram showing an electrical arrangement of the above-indicated fifteenth embodiment. 
Fig. 51 is a graph showing an operating state of a booster negative pressure switch in Fig. 48. 
5 Fig. 52 is a graph showing a relationship between brake operating force F and brake cylinder pressure Pb in a brak- 
ing system equipped with a vacuum booster. 

Fig. 53 is a graph for explaining a braking effect characteristic control in the above-indicated fifteenth embodiment. 
Fig. 54 is a graph showing a relationship between master cylinder pressure and pressure difference AP 
between master and brake cylinder pressures, in the braking effect characteristic control. 
TO Fig. 55 is a graph showing a change in relationship between brake operating force F and brake cylinder pressure 
Pg, with a change in pressure in negative pressure chamber of vacuum booster, in a braking system equipped with 
the vacuum booster 

Fig. 56 is a graph showing a relationship between brake operating force F and brake cylinder Pb in the case where 
the above-Indicated braking effect characteristic control is effected without taking account of pressure change in 

75 the negative pressure chamber of the vacuum booster. 

Fig. 57 is a graph showing a relationship between brake operating force F and master cylinder pressure P^ in the 
case where the braking effect characteristic control is effected while taking account of pressure change in the neg- 
ative pressure chamber of the vacuum booster, in the above- indicated fifteenth embodiment. 
Fig. 58 is a graph showing a relationship between master cylinder pressure P^ and pressure difference aP in the 

20 braking effect characteristic control wherein pressure change in the negative pressure chamber of the vacuum 
booster is taken into account, in the fifteenth embodiment. 

Fig. 59 is a graph for explaining the braking effect characteristic control in relation to the time. 
Fig. 60 is a graph showing different relationships between brake operating force F and brake cylinder pressure Pb 
when vacuum booster is normal and defective, in a braking system equipped with the vacuum booster. 
25 Fig. 61 is a graph showing different relationships between master cylinder pressure Pm and pressure difference AP 
when the vacuum booster is normal and defective, in the above-indicated fifteenth embodiment. 
Fig. 62 is a flow chart showing a braking effect characteristic control routine in the fifteenth embodiment. 
Fig. 63 is a flow chart showing the details of step S813 in Fig. 62, in which a booster defect determining routine is 
executed. 

30 Fig, 64 is a graph showing a relationship between an increment IPm of actual value of master cylinder pressure P^ 
from boosting limit value Pmo ^^cI desired value of the above-indicated pressure difference AP, in step S828 in Fig. 
62. 

Fig. 65 is a flow chart showing the details of step S831 in Fig. 62, in which an inflow control valve control routine is 
executed. 

35 Fig. 66 is a schematic view schematically showing a general arrangement of a braking system of a sixteenth 
embodiment of this invention. 

Fig. 67 is a flow chart showing a braking effect characteristic control routine in the sixteenth embodiment. 

Fig. 68 is a schematic view schematically showing a general arrangement of a braking system of a seventeenth 

embodiment of this invention. 

40 Fig. 69 is a flow chart showing a braking effect characteristic control routine in the seventeenth embodiment. 

Fig. 70 is a graph showing a relationship between pressure Pq in negative pressure chamber of vacuum booster 
and boosting limit value P^o of master cylinder pressure Pm. in the seventeenth embodiment. 
Fig. 71 is a schematic view schematically showing a general arrangement of a braking system of an eighteenth 
embodiment of this invention. 

45 Fig. 72 is a block diagram showing an electrical arrangement of an electronic engine control device in Fig. 71 . 

Fig. 73 is a flow chart showing a braking effect characteristic control routine in the above-indicated eighteenth 
embodiment. 

Fig. 74 is a schematic view schematically showing an arrangement of a braking system of a nineteenth embodi- 
ment of this invention. 

50 Fig. 75 is a block diagram showing an electrical arrangement of an electronic engine control device in Fig. 74. 

Fig. 78 is a flow chart showing a braking effect characteristic control routine in the above-indicated nineteenth 
embodiment. 

Fig. 77 is a block diagram showing an electrical arrangement of a braking system of a twentieth embodiment of this 
invention. 

55 Fig. 78 is a graph for explaining a principle of a braking effect characteristic control based on vehicle deceleration 
G in the twentieth embodiment. 

Fig. 79 is a graph showing a relationship between vehicle deceleration G and desired pressure difference AP in the 
twentieth embodiment. 
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Fig. 80 is a flow chart showing a braking effect characteristic control routine In the twentieth embodiment. 
Fig. 81 is a functional block diagram showing vehicle deceleration detecting means in the twentieth embodiment. 
Fig. 82 is a block diagram showing an electrical arrangement of a braking system of a twenty-first embodiment of 
this Invention. 

5 Fig. 83 is a graph for explaining a principle of a braking effect characteristic control based on on vehicle decelera- 

tion G in the twenty-first embodiment. 

Fig. 84 Is a graph for explaining a reason whey boosting limit point of vacuum booster can be correctly determined 
in spite of a variation in negative pressure of the booster in the twenty-first embodiment. 
Fig. 85 is a flow chart showing a braking effect characteristic control routine In the twenty-first embodiment. 
10 Fig. 86 is a block diagram showing an electrical arrangement of a braking system of a twenty-second embodiment 
of this Invention. 

Fig. 87 Is a graph for explaining a principle of determination of abnormality of the braking system of the twenty-sec- 
ond embodiment. 

Fig. 88 is a flow chart showing abnormality determining routine in the twenty-second embodiment. 
75 Fig. 89 is a block diagram showing an electrical arrangement of a braking system of a twenty-third embodiment of 
this invention. 

Fig. 90 is a graph for explaining a principle of determination of abnormality of the braking system in the twenty-third 
embodiment. 

Fig. 91 is a flow chart showing abnormality determining routine in the twenty-third embodiment. 

20 Fig. 92 is a flow chart showing a braking effect characteristic control routine in the twenty-third embodiment. 
Fig. 93 is a schematic view showing a braking system of a twenty-four embodiment of this invention. 
Fig. 94 is a side view in cross section of vacuum booster along with master cylinder in Fig. 93. 
Fig. 95 is an fragmentary side view in cross section showing in enlargement of the vacuum booster in Fig. 94 in 
non-operated state. k 

25 Fig. 96 is a fragmentary side view in cross section showing in enlargement of the vacuum booster in a transient r 
state. V " 

Fig. 97 is a fragmentary side view in cross section showing in enlargement of the vacuum booster in a hold state, z 
Fig. 98 is a fragmentary side view in cross section showing in enlargement of the vacuum booster in a maximum? 
boosting state. 

30 Fig. 99 is a fragmentary side view in cross section showing in enlargement of the vacuum booster in a released , 
state. -r 
Fig. 100 is a block diagram showing an electrical arrangement of the twenty-fourth embodiment. 
Fig. 101 is a flow chart showing a braking effect characteristic control routine stored in ROM of a computer of an- 
ECU in Fig. 100. 

35 Fig. 102 is aflow chart showing the details of steps S1307 and S1313 in Fig. 101, in which a routine for processing^ 
to terminate pressure increase control is executed. 

Fig. 103 is a flow chart showing the details of steps SI 308 and SI 31 8 in Fig. 101 . in which a pressure increase 
control routine is executed. 

Fig. 104 is a graph showing a relationship between master cylinder pressure and pressure difference AP 
40 between the master cylinder Pm and brake cylinder Pb. in the above -indicated twenty-fourth embodiment. 

Fig. 105 is a graph showing a relationship among operating force F, master cylinder pressure P^ and operating 
stroke 8 in a common braking system equipped with a vacuum booster. 

Fig. 106 is a schematic view showing a braking system of a twenty-fifth embodiment of this invention. 
Fig. 107 is a graph showing a relationship between operating stroke F and master cylinder pressure P^ in the 
45 twenty-fifth embodiment. 

Fig. 108 is a graph showing a change with the time in brake cylinder Pg in a conventional braking system. 

Fig. 109 s a graph showing a change with the time in brake cylinder pressure Pb in the above-indicated twenty-fifth 

embodiment. 

Fig. 1 10 is a block diagram showing an electrical arrangement of the twenty-fifth embodiment. 
50 Fig. Ill is a flow chart showing a braking effect characteristic control routine stored in ROM of a computer of an 
ECU In Fig. 110. 

Fig. 1 12 is a flow chart showing the details of step 81406 In Fig. 1 1 1 . In which pressure control mode determining 
routine is executed. 

Fig. 1 13 Is aflow chart showing an operating stroke change amount detecting routine stored in the above-indicated 
55 ROM. 

Fig. 1 14 Is a functional block diagram showing an arrangement of the above-Indicated twenty-fifth embodiment. 
Fig. 1 15 is a graph showing a relationship between ON/OFF switching of solenoid of an inflow control valve and 
change amount AS of operating stroke S In the twenty-fifth embodiment. 
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Fig. 1 16 is a view schematically showing an arrangement of RAM of a computer in the twenty-fifth embodiment. 
Fig. 117 is a view showing in a tabular form a relationship among total change amount I . pressure control mode, 
control state of valve device, and duty ratio of pump motor, in the twenty-fifth embodiment. 
Fig. 118 is a time chart indicating a definition of the duty ratio of the pump motor in the twenty-fifth embodiment. 
5 Fig. 1 19 is a schematic view showing a braking system of a twenty-sixth embodiment of this invention. 

Fig. 120 is a block diagram showing an electrical arrangement of the twenty-sixth embodiment. 
Fig. 121 is a functional block diagram showing an arrangement of the twenty-sixth enribodiment. 
Fig. 122 is a flow chart showing a pressure control mode determining routine stored in ROM of a computer of an 
ECU in Fig. 120. 

10 Fig. 1 23 is a flow chart showing an operating force change amount detecting routine stored in the ROM of the com- 
puter in Fig. 120. 

BEST MODES FOR CARRYING OUT THE PRESENT INVENTION 

75 [0010] There will be described in detail some best modes for carrying out the present invention, by reference to the 
drawings. It is noted that elements provided in a plurality of embodiments of the invention will be described in detail only 
with respect the embodiment in which the elements in question appear for the first time, and that detailed descriptions 
of those elements are omitted with respect to the other embodiments , in favor of the use of the same reference char- 
acters or the reference to the appropriate figures of the drawings. 

20 [001 1 ] The first embodiment of the invention will be explained first. 

[001 2] There is schematically shown in Fig. 1 a general arrangement of a braking system of the present embodiment. 
This braking system has, as a hydraulic pressure source for a brake cylinder 10, a master cylinder 14 for generating a 
hydraulic pressure whose level corresponds to an operating force of a brake operating member 12, and a pump 16. In 
this braking system, the delivery side of the pump 16 is connected through an auxiliary passage 20 to a primary pas- 

25 sage 18 which connects the master cylinder 14 and the brake cylinder 1o. A pressure control valve 22 is connected to 
a portion of the primary passage 18 between the master cylinder 14 and a point of connection of the auxiliary passage 
20 to the primary passage 18. When the pump 16 is not in operation, the pressure control valve 22 permits flows of a 
working fluid between the master cylinder 14 and the brake cylinder 10 in opposite directions. When the pump 16 is in 
operation, on the other hand, the pressure control valve 22 permits the fluid received from the pump 1 6, to be returned 

30 to the master cylinder 1 4, such that the delivery pressure of the pump 1 6 varies depending upon the hydraulic pressure 
in the master cylinder 14. A pump operating device 24 is provided for operating the pump 16 when it is necessary to 
apply to the brake cylinder 1 0 a hydraulic pressure higher than the hydraulic pressure of the master cylinder 1 4, during 
operation of the braking system by the vehicle operator. 

[0013] In Fig. 2, there is shown a mechanical arrangement of the present embodiment. The braking system of the 
35 present embodiment is a diagonal type system having two braking sub-systems adapted for use on a four-wheel vehi- 
cle. This braking system has an anti-lock control function for performing an anti-lock brake pressure control operation 
in which the pump 16 is operated to circulate the working fluid in the brake circuit. Further, the present embodiment is 
arranged to implement a braking effect characteristic control utilizing the pump 16, during operation of the braking sys- 
tem. The braking effect characteristic control is implemented to compensate a basic relationship between a brake oper- 
40 ating force F and a deceleration value G of the vehicle body, which relationship is determined by the characteristic of a 
booster (as shown Fig. 44) provided to boost the brake operating force F and transmit the boosted brake operating force 
F to the master cylinder 14. This basic relationship is represented by bent lines as indicated in Fig. 42. The the basic 
relationship is compensated so as to establish an ideal relationship between the brake operating force F and the decel- 
eration value G of the vehicle body, so that the deceleration value G increases with the brake operating force F, at an 
45 ideal rate (for example, at a substantially constant rate, both before and after the boosting limit of the booster has been 
reached). 

[0014] The master cylinder 1 4 is a tandem type having two mutually independent pressurizing chambers disposed in 
series. As shown in Fig. 2, the master cylinder 14 is linked through a vacuum type booster 30 to the brake operating 
member 12 in the form of a brake pedal 32. The master cylinder 14 is mechanically operated by a force of depression 

50 acting on the brake pedal 32. to generate hydraulic pressures of the same level in the two pressurizing chambers. 
[001 5] One of the two pressurizing chambers of the master cylinder 1 4 is connected to a first braking sub-system for 
a front left wheel FL and a rear right wheel RR. while the other pressurizing chamber is connected to a second braking 
sub-system for a front right wheel FR and a rear left wheel RL Since these braking sub-systems are identical in con- 
struction with each other, only the first braking sub-system will be described by way of example, and a description of the 

55 second braking sub-system will not be provided. 

[0016] In the first braking sub-system, the master cylinder 14 is connected through the primary passage 18 to the 
brake cylinder 10 for the front left wheel FL and the brake cylinder 10 for the rear right wheel RR. The primary passage 
18 extending from the master cylinder 1 4 is branched at the end of a single main passage 34. into two branch passages 
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36 connected to the main passage 34. Each branch passage 36 is connected at its end to the corresponding brake cyl- 
inder 10. A pressure increasing valve 40 in the form of a normally-open solenoid -operated shut-off valve is provided in 
each of the branch passages 36. When the pressure increasing valve 40 is open or placed in a pressure-increasing 
state, the pressure increasing valve 40 permits a flow of the working fluid from the master cylinder 14 toward the brake 

5 cylinder 10. A by-pass passage 42 is connected to each pressure increasing valve 40. and a check valve 44 is provided 
in the by-pass passage 42. to permit the fluid to flow from the brake cylinder 10 toward the master cylinder 14. A reser- 
voir passage 46 is connected at one end thereof to a portion of each branch passage 36 between the pressure increas- 
ing valve 40 and the brake cylinder 10. and at the other end to a reservoir 48. A pressure reducing valve 50 in the form 
of a normally-closed solenoid-operated shut-off valve is provided in each reservoir passage 46. When the pressure 

10 reducing valve 50 is open or placed in a pressure-reducing state, the pressure reducing valve 50 permits a flow of the 
fluid from the brake cylinder 10 toward the reservoir 48. 

[0017] The reservoir 48 is constructed such that a reservoir piston 54 is substantially air-tightly and slidably received 
in a housing, so as to form a reservoir chamber 56 which accommodates the working fluid under a pressure produced 
by an elastic member in the form of a spring 58. The reservoir 48 is connected by a pump passage 60 to the suction 
15 side of the pump 16. A suction valve 62 which is a check valve is connected to the suction side of the pump 1 6. while a 
delivery valve 64 which is a check valve is connected to the delivery side of the pump 16. In the auxiliary passage con- 
necting the delivery side of the pump 16 and the primary passage 18. there are provided a throttle in the form of an ori- 
fice 66 and a fixed damper 68. so that pressure pulsations of the pump 16 are reduced by the orifice 66 and fixed 
damper 68. 

20 [001 8] The elements which have been described above are provided in a known anti-lock type braking system. There 
will be described elements of the present braking system, which are not provided in the known anti-lock type braking 
system. 

[0019] The pressure control valve 22 is arranged to electromagnetically control the relationship between the master 
cylinder pressure and the brake cylinder pressure. 

25 [0020] Described in detail, the pressure control valve 22 includes a housing not shown, a valve member 70. a valve,, 
seat 72, and a solenoid 74 for generating a magnetic force for controlling a relative movement of the valve member, 70. 
and the valve seat 72 so as to control flows of the working fluid between the master cylinder side and the brake cylinder, 
side through the primary passage 18. r , 

[0021] In a non-operated state (off state) of the pressure control valve 22 with the solenoid 74 being de-energized. 

30 the valve member 70 is held apart from the valve seat 72 under the biasing force of the spring 76 as the elastic member.^ 
so that the working fluid is permitted to flow through the primary passage 18 in the opposite directions between the ^- 
master cylinder side and the brake cylinder side. When the braking system is operated in this state, the brake cylinder** 
pressure changes with the master cylinder pressure such that the brake cylinder pressure is equal to the master cylin- 
der pressure. In this operation of the braking system wherein a force acts on the valve member 70 so as to move the^ 

35 valve member 70 in the direction away from the valve seat 72, an increase in the master cylinder pressure, namely in* 
the brake cylinder pressure will not cause the valve member 70 to be seated on the valve seat 72, as long as the sole- 
noid 74 is held in the de-energized state. Thus, the pressure control valve 22 is a normally-open valve. 
[0022] When the pressure control valve 22 is placed in an operated state (on state) with the solenoid 74 being ener- 
gized, an armature 78 is attracted by the magnetic force of the solenoid 74, so that a movable member in the form of 

40 the valve member 70 movable with the armature 78 is seated onto a stationary member in the form of the valve seat 
72. At this time, an attracting force based on the magnetic force of the solenoid 74, and a sum of a force F2 and an 
elastic force F3 of the spring 76 act on the valve member 70 in the opposite directions. The force F2 is generated based 
on a difference between the brake cylinder pressure and the master cylinder pressure, and is represented by this pres- 
sure difference multiplied by an effective pressure-receiving area of the valve member 70 which receives the brake cyl- 

45 inder pressure. 

[0023] When the solenoid 74 is energized or on and when the delivery pressure of the pump 16, namely, the brake 
cylinder pressure is not as high as to satisfy a formula F 2 - 1 " ^ 3 . the valve member 70 is seated on the valve seat 
72, inhibiting the flow of the fluid from the pump 16 to the master cylinder 14, and the delivery pressure of the pump 16 
is increased so that the fluid pressure in the brake cylinder 10 is made higher than the master cylinder pressure. After 

50 the delivery pressure of the pump 16, that is, the brake cylinder pressure has been further increased so as to satisfy a 
formula F 2 < F ^ - F 3 , the valve member 70 is unseated from the valve seat 72. and the fluid is returned from the pump 
1 6 to the master cylinder 1 4, with a result of inhibiting a further increase In the delivery pressure of the pump 1 6. namely, 
in the brake cylinder pressure. Thus, the fluid pressure in the txake cylinder 10 is made higher than the master cylinder 
pressure by an amount of a pressure difference based on the attracting force F^ of the solenoid, if the biasing force F3 

55 of the spring 76 is ignored. 

[0024] The magnetic force of the solenoid 74 is controlled on the basis of the brake operating force. To this end. the 
master cylinder 14 is provided with a master cylinder pressure sensor 80. as shown in Fig. 2 (wherein the sensor 80 is 
indicated as "P sensor"). The master cylinder pressure sensor 80 is an example of a braking-force-related quantity sen- 
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sor for detecting the master cylinder pressure as a braking-force-related quantity. Described in more detail, the master 
cylinder pressure sensor 80. when it receives the fluid pressure in the master cylinder 14. generates a master cylinder 
pressure signal indicative of the level of the master cylinder pressure Pm- The value of the master cylinder pressure stg- 
nal continuously varies as the master cylinder pressure Pm continuously varies. 

5 [0025] The pressure control valve 20 is provided with a by-pass passage 82 in which a check valve 84 is provided. 
The check valve 84 permits a flow of the fluid from the master cylinder 14 toward the brake cylinder 10, but inhibits a 
flow of the fluid in the opposite direction. The passage 82 by-passing the pressure control valve 22 and provided with 
the check valve 84 is provided for the following reason. That is, the valve member 70 as the movable member is moved 
for seating on the valve seat 72 as the stationary member in the direction in which the movable member is moved by a 

10 fluid force produced by a flow of the fluid from the master cylinder 14 toward the brake cylinder 10 upon depression of 
the brake pedal 32. Therefore, there is a possibility that the pressure control valve 22 is closed upon depression of the 
brake pedal 32. The passage 82 by-passing the pressure control valve 22 and provided with the check valve 84 is pro- 
vided to assure a flow of the fluid from the master cylinder 14 toward the brake cylinder 10 even if the pressure control 
valve 22 is closed, by any chance, due to the fluid force upon depression of the brake pedal 32. 

15 [0026] During the braking effect characteristic control, the fluid pumped up by the pump 16 from the reservoir 48 is 
delivered to each brake cylinder 1 0, so as to increase the pressure in each brake cylinder 1 0. However, unless the brak- 
ing system is operated in the anti-lock control mode, the fluid is not usually present in the reservoir 48. To permit the 
braking effect characteristic control irrespective of whether the braking system is operated in the anti-lock control mode 
or not, the fluid must be supplied to the reservoir 48. To this end, the present embodiment is adapted such that the main 

20 passage 34 is connected to the reservoir 48 through a fluid supply passage 88, which extends from a portion of the 
main passage 34 between the master cylinder 14 and the pressure control valve 22. 

[0027] If the master cylinder 14 and the reservoir 48 were held in communication with each other through the fluid 
supply passage 88, the hydraulic pressure in the master cylinder 14 would not be raised upon depression of the brake 
pedal 32, until the reservoir piston 54 of the reservoir 48 has been moved bottomed, so that brake application is 

25 delayed. To avoid this, the fluid supply passage 88 is provided with an inflow control valve 90. 

[0028] The inflow control valve 90 is opened when it is necessary to feed the fluid from the master cylinder 14 to the 
reservoir 48. The inflow control valve 90 placed in the open state permits a flow of the fluid from the master cylinder 1 4 
to the reservoir 48. When it is not necessary to feed the fluid from the master cylinder 14 to the reservoir 48, the inflow 
control valve 90 is closed, to inhibit the flow of the fluid from the master cylinder 1 4 to the reservoir 48, making it possible 

30 to raise the hydraulic pressure in the master cylinder 1 4. 

[0029] In the present embodiment, the inflow control valve 90 is a pilot-controlled type, which cooperates with the res- 
ervoir piston 54 to control the fluid flow into the reservoir 48. To achieve this purpose, the reservoir 48 is constructed as 
described below. That is. the reservoir piston 54 is moved from a normal position to an increased-volume position when 
the volume of the reservoir chamber 56 is increased from a normal value, and is moved from the normal position to a 

35 reduced-volume position when the volume of the reservoir chamber 56 is reduced from the normal value. The reservoir 
piston 54 is biased by the spring 58 through a retainer 92 in the direction from the normal position toward the reduced- 
volume position. The normal position of the reservoir piston 54 is determined by abutting contact of the retainer 92 with 
a shoulder surface of the housing. As the volume of the reservoir chamber 56 is reduced from the normal value, the 
reservoir piston 54 alone is advanced from the normal position. As the volume of the reservoir chamber 56 is increased 

40 from the normal value, the reservoir piston 54 is retracted from the normal position together with the retainer 92 while 
compressing the spring 58. 

[0030] The inflow control valve 90 has a check valve 100 including a valve member 96 and a valve seat 98 for permit- 
ting a flow of the fluid from the reservoir 48 toward the master cylinder 1 4 and inhibiting a flow of the fluid in the opposite 
direction, and a valve opening member 102 for moving the valve member 96 away from the valve seat 98 to forcibly 

45 open the check valve 100. The valve opening member 102 is associated with the reservoir piston 54 so that the valve 
opening member 102 is not in contact with the valve member 96 when the reservoir piston 54 is placed in its normal 
position, and is brought into abutting contact with the valve member 96 to forcibly open the check valve 100 when the 
reservoir piston 54 is advanced from the normal position due to a decrease in the volume of the reservoir chamber 56. 
With the check valve 100 being thus opened, the flow of the fluid from the master cylinder 14 into the reservoir 48 is 

50 permitted, so that the reservoir chamber 56 is supplied with the fluid from the master cylinder 14. While the inflow con- 
trol valve 90 is slightly open when the reservoir piston 54 is placed in the normal position, as indicated in Fig. 2, the 
inflow control valve 90 may be designed such that the valve 90 is closed when the reservoir piston 54 is placed in the 
normal position. 

[0031] There is shown in Fig. 4 an electrical an-angement of the present embodiment. The present embodiment is 
55 provided with an electronic control unit (hereinafter abbreviated as "ECU"). The ECU 100 is constituted principally by a 
computer including a CPU (an example of a processor), a ROM (an example of a memory) and a RAM (another exam- 
ple of a memory). A braking effect characteristic control routine and an anti-lock brake pressure control routine which 
are stored in the ROM are executed by the CPU while utilizing the RAM, to implement the braking effect characteristic 
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control and the anti-lock brake pressure control. 

[0032] To the input side of the ECU 1 10, there is connected the above-indicated master cylinder pressure sensor 80. 
so that the ECU 110 receives from the sensor 80 the master cylinder pressure signal indicative of the master cylinder 
pressure. To the input side of the ECU 110. there is also connected wheel speed sensors 112. so that the ECU 110 

5 receives from the sensors 1 1 2 wheel speed signals indicative of the rotating speeds of the vehicle wheels. To the output 
side of the ECU 1 10. there is connected a pump motor 1 14 for driving the above-indicated pump 16. so that the ECU 
1 10 applies a motor drive signal for driving the driver circuit for the pump motor 1 14. To the output side of the ECU 110. 
there are also connected the solenoid 74 of the above-indicated pressure control valve 22. and solenoids 116 of the 
pressure increasing valve 40 and pressure reducing valve 50. The ECU 110 applies a current control signal to the sole- 

10 noid 74 of the pressure control valve 20. for linearly controlling an electric current for energizing the solenoid 74. On the 
other hand, the ECU 1 10 applies an ON/OFF drive signal to the solenoids 1 16 of the pressure increasing valve 40 and 
pressure reducing valve 50, for energizing and de-energizing the solenoids 116. 

[0033] In Fig. 5, the above-indicated braking effect characteristic control routine is illustrated by a flow chart. This rou- 
tine is repeatedly executed. Each cycle of execution of the routine is initiated with step SI (hereinafter referred to simply 

15 as "Si"; the other steps being similarly identified), in which the master cylinder pressure signal is received from the 
master cylinder pressure sensor 90. Then. S2 is Implemented to determine whether the master cylinder pressure 
represented by the master cylinder pressure signal is higher than a reference value P^o above which the braking effect 
characteristic control is implemented. The reference value Pmo "S determined to be the master cylinder pressure Pm at 
which the boosting limit of the booster 30 has been reached. If the master cylinder pressure P^ is not higher than the 

20 reference value P^o the present cycle of execution, a negative decision (NO) is obtained, and the control flow goes 
to S3 to generate a signal for de-energizing the solenoid 74 of the pressure control valve 22 and a signal for turning off 
the pump motor 114. Thus, one cycle of execution of the present routine is terminated. 

[0034] If the master cylinder pressure P^ is higher than the reference value Pmq. on the other hand, an affirmative 
decision (YES) is obtained in S2, and the control flow goes to S4 to calculate a desired pressure difference aP by which. 

25 the brake cylinder pressure Pb should be higher than the master cylinder pressure Pm- The desired pressure difference 
aP is calculated on the basis of the present value of the master cylinder pressure P^ and according to a relationship 
between the master cylinder pressure P^ and the desired pressure difference AP, which relationship Is stored in the 
ROM. A graph of Fig. 6 shows an example of the relationship between the master cylinder pressure P^ and the desired 
pressure difference AP In this example, the desired pressure difference aP changes linearly with the master cylinder 

30 pressure P^- 

[0035] The relationship between the master cylinder pressure P^ and the desired pressure difference AP Is based on 
the reference value P^o which Is equal to the master cylinder pressure P^ when the boosting limit of the booster 30 
has been reached. For example, this relationship may be a relationship between the master cylinder pressure P^ and 
an amount of a difference by which the value of the brake cylinder pressure Pb which changes after the boosting limit 

35 of the booster 30 has been reached is lower than the corresponding value of the brake cylinder pressure Pb which 
would be changed by the booster 30 if the booster 30 did not have the boosting limit. Where this relationship iSiUsed, 
the above-indicated amount of difference of the brake cylinder pressure Pb due to the boosting limit is compensated for 
by the pump 1 6, to that the brake cylinder pressure Pb is not influenced by reduction of the boosting point of the booster 
30 which Is caused by an increase In the servo ratio of the booster 30. This arrangement provides an improved braking 

40 effect while assuring a good brake operating feel. 

[0036] Then, S5 is Implemented to calculate an electric current I to be applied to the solenoid 74 of the pressure con- 
trol valve 22. depending upon the calculated desired pressure difference. Namely, a relationship between the desired 
pressure difference aP and the electric current I is stored in the ROM. so that the solenoid electric current I correspond- 
ing to the desired pressure difference AP Is calculated according to that relationship. Fig. 7 shows an example of the 

45 relationship between the desired pressure difference AP and the solenoid electric current I. in the form of an indirect 
relationship between the desired pressure difference AP and the solenoid electric current I, which indirect relationship 
uses the attracting force F^ of the solenoid as a medium. That is, the relationship between the desired pressure differ- 
ence AP and the solenoid electric current I is represented by a relationship between the desired pressure difference AP 
and the solenoid attracting force F^ . and a relationship between the solenoid attracting force F^ and the solenoid electric 

50 current I. 

[0037] Then, the control flow goes to 86 to effect an electric current control of the solenoid 74 of the pressure control / 
valve 22. in which the calculated electric current I is applied to the solenoid 74. In an initial period of this electric current 
control, however, the electric current value I higher than the value determined by the master cylinder pressure Pm. for 
example, the maximum cun-ent value Imax. 's applied to the solenoid 74, as Indicated In Fig. 8. The initial period of the 
55 electric current control is terminated when a time T after the initiation of the braking effect characteristic control has 
reached a predetermined value Tq. This arrangement improves an operating response of the valve member 70 of the 
pressure control valve 22. enabling the valve member 70 to be rapidly seated onto the valve seat 72. That Is, S6 is Ini- 
tiated with S6a to determine whether the predetermined time Tq has elapsed after the initiation of the braking effect 
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characteristic control, as shown in Fig. 9. If the time Tq has not elapsed, a negative decision (NO) is obtained, and the 
control flow goes to S6b in which the electric current Is to be applied to the solenoid 74 is set to be the maximum electric 
current I^ax- predetermined time Tq has elapsed after the initiation of the braking effect characteristic control, on 
the other hand, an affirmative decision (YES) is obtained in S6a. and the control flow goes to S6c in which the electric 
5 current Is to be applied to the solenoid 74 is determined to be a normally controlled value In based on the pressure dif- 
ference AP. 

[0038] S7 is then implemented to generate a signal for turning on the pump motor 11 4, so that the fluid is pumped up 
by the pump 1 6 from the reservoir 48. and is delivered to each brake cylinder 1 0. As a result, the fluid pressure in each 
brake cylinder 10 is made higher than the master cylinder pressure by an amount depending upon the master cyl- 

10 inder pressure P^. Thus, one cycle of execution of the present braking effect characteristic control routine is terminated. 
[0039] While the braking effect characteristic control routine has been described in detail by reference to the drawings, 
the anti-lock brake pressure control routine will be described only briefly since this routine does not directly relate to the 
present invention. The anti-lock brake pressure control routine is formulated to prevent locking of each vehicle wheel 
during brake application to the vehicle, by selectively establishing a pressure-increasing state, a pressure-holding state 

15 and a pressure-reducing state, while monitoring the rotating speed of each wheel with the wheel speed sensor 112 and 
the running speed of the vehicle. In the pressure-increasing state, the pressure increasing valve 50 is placed in the 
open state, while the pressure reducing valve 50 is placed in the closed state. In the pressure-holding state, the pres- 
sure increasing valve 40 and the pressure reducing valve 50 are both placed in the closed state. In the pressure-reduc- 
ing state, the pressure increasing valve 40 is placed in the closed state while the pressure reducing valve 50 is placed 

20 in the open state. The anti-lock brake pressure control routine is further formulated such that the pump motor 1 14 is 
activated during an anti-lock brake pressure control operation, to operate the pump 16 to return the fluid from the res- 
ervoir 48 to the primary passage 18. 

[0040] It follows from the foregoing description that the present embodiment is capable of effecting the braking effect 
characteristic control, by simply adding the master cylinder pressure sensor 80, pressure control valve 22 and inflow 
25 control valve 90 as hardware components to a known anti-lock type braking system, and by positively utilizing the pump 
16 originally provided for the purpose of performing the anti-lock brake pressure control. 

[0041] It is noted that while the present embodiment is arranged to effect the braking effect characteristic control for 
operating the pump 16 so as to deliver the fluid pressure higher than the master cylinder pressure P^ while the master 
cylinder pressure P^ is higher than the reference value Pq, irrespective of whether the anti-lock brake pressure control 
30 is effected or not, the present embodiment may be modified to inhibit the braking effect characteristic control while the 
anti-lock brake pressure control is effected. 

[0042] It will be understood from the foregoing explanation of the present embodiment that the master cylinder pres- 
sure sensor 80 and a portion of the ECU 110 assigned to implement S2. S3 and S7 of Fig. 8 constitute the pump oper- 
ating device 24. It will also be understood that the pump 1 6 corresponds to a "hydraulic pressure source", and the pump 

35 operating device 24 corresponds to a "predetermined-operating-state control device", a "post-boosting-limit control 
means" and a "post-reference-value control means", while the pressure control valve 22 corresponds to a "pressure 
control device", which is an example of a "fluid flow control device" and a "pressure changing device". An operating 
state in which the brake pedal 32 is operated by the vehicle operator so as to cause the master cylinder pressure Pm to 
exceed the reference value P^o corresponds to "a predetermined operating state". The pressure control valve 22 cor- 

40 responds to an "electromagnetic pressure control device", and the master cylinder pressure sensor 80 and a portion of 
the ECU 1 10 assigned to implement S4-S6 of Fig. 5 correspond to an "electromagnetic force control device". It will also 
be understood that the pressure control device 22. pump 16 and pump operating device 24 constitute an example of a 
"pressure increasing device". 

[0043] There will next be described a second embodiment of this invention. This embodiment has a number of ele- 
45 ments which are identical with those of the first embodiment and are identified by the same reference signs as used in 
the first embodiment. Detailed description of these elements will not be provided, and only the elements specific to the 
second embodiment will be described in detail. 

[0044] In the first embodiment, the pressurized fluid delivered from the master cylinder 14 during the braking effect 
characteristic control is once accommodated in the reservoir 48 and thus reduced, before the fluid is pumped up by the 

50 pump 16 from the reservoir 48. In the present embodiment, however, the pressurized fluid delivered from the master 
cylinder 14 is delivered directly to the suction side of the pump 1 6, without being once accommodated in the reservoir 
48. Described specifically the second embodiment is arranged such that a fluid supply passage 130 is provided to con- 
nect a portion of the main passage 34 between the master cylinder 14 and the pressure control valve 22 and a portion 
of the pump passage 60 between the suction valve 62 and a reservoir 132. Further, a check valve 134 is provided in a 

55 portion of the pump passage 60 between the fluid supply passage 130 and the reservoir 132. The check valve 134 
inhibits a flow of the fluid from the fluid supply passage 130 toward the reservoir 132 and permits a flow of the fluid in 
the opposite direction. 

[0045] Each reservoir passage 46 is connected to a portion of the pump passage 60 between the check valve 134 
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and the reservoir 132. 

[0046] An inflow control valve 138 which is a normally-closed solenoid-operated shut-off valve is provided in the fluid 
supply passage 130. When an anti-lock brake pressure control operation is initiated, an ECU 140 commands the inflow 
control valve 138 to be switched to an open state. A determination as to whether the fluid is required to be delivered 

5 from the master cylinder 14 through the inflow control valve 138 during an anti-lock brake pressure control operation, 
by determining whether the fluid that can be pumped up by the pump 16 is absent or present in the reservoir 132. In the 
present embodiment, this determination as to whether the fluid is absent or present is made by calculating a cumulative 
time in which the pressure increasing valve 40 is placed in the pressure-increasing state and a cumulative time in which 
the pressure reducing valve 50 is placed in the pressure-reducing state, and by estimating the amount of the fluid 

10 remaining in the reservoir 132, on the basis of a relationship between those pressure increasing and reducing times. 
[0047] In the present embodiment, the inflow control valve 138 is an eiectromagentically operated, unlike the inflow ^ 
control valve used in the first embodiment, which is a pilot-operated type. Accordingly, the construction of the reservoir 
1 32 is different from that of the reservoir 48. That is. the reservoir 1 32 is constructed to simply store the fluid under pres- 
sure. 

15 [0048] Fig. 1 1 shows an electrical arrangement (including software arrangement) of the present embodiment. 

[0049] A braking effect characteristic control routine stored in a ROM of the ECU 140 is illustrated in the flow chart of 
Fig. 12. This routine will be described referring to the flow chart. The same aspects of the present routine as in the first 
embodiment will be briefly described. 

[0050] The present routine is initiated with S101 in which the master cylinder pressure signal is received from the 

20 master cylinder pressure sensor 90. Then, S102 is implemented to determine whether the master cylinder pressure 
represented by the master cylinder pressure signal is higher than a reference value P^q. If the master cylinder pressure 
Pm is not higher than the reference value P^o in the present cycle of execution, a negative decision (NO) is obtained, 
and the control flow goes to SI 03 to generate signals for de-energizing the solenoid 74 of the pressure control valve 22 
and a solenoid 1 16 of the inflow control valve 138. and a signal for turning off the pump motor 1 14. Thus, one cycle of 

25 execution of the present routine is terminated. 

[0051] If the master cylinder pressure P^ is higher than the reference value Pmo. on the other hand, an affirmative 
decision (YES) is obtained in SI 02. and the control flow goes to Si 04 to calculate a desired pressure difference AP, 
between the master cylinder pressure Pm and the brake cylinder pressure Pb- Then, Si 05 is implemented to calculate, 
an electric current I to be applied to the solenoid 74 of the pressure control valve 22, depending upon the calculated 

30 desired pressure difference. S1 06 is then implemented to effect an electric current control of the solenoid 74 of thejpres- 
sure control valve 22. in which the calculated electric current I is applied to the solenoid 74. Then, the control flow goes* 
to S1 07 to generate a signal for turning on the pump motor 114. . . v 

[0052] Then. SI 08 is implemented to determine whether an anti-lock brake pressure control operation is performed.^ 
If the anti-lock brake pressure control operation is not performed, a negative decision (NO) is obtained, and the control 

35 flow goes to S109 to generate a signal for energizing the solenoid 1 16 of the inflow control valve 138, that is, a signal', 
for opening the inflow control valve 138. As a result, the fluid delivered from the master cylinder 14 is supplied to the 
pump 16 without a pressure reduction, whereby the braking effect characteristic control is suitably achieved. Thus, one 
cycle of execution of the present routine is terminated. 

[0053] If the anti-lock brake pressure control operation is performed, an affirmative decision (YES) is obtained in 
40 SI 08, and the control flow goes to S110 to estimate the amount of the fluid which is present in the reservoir 132 and 
which can be pumped up by the pump 16. that is, obtain an estimated amount of the fluid left in the reservoir 132. Then, 
S1 11 is implemented to determine whether the estimated amount of the fluid left in the reservoir 132 is zero, that is. 
determine whether the fluid that can be pumped up by the pump 16 is absent in the reservoir 132. If the amount of the 
fluid left in the reservoir is not zero, an affirmative decision (NO) is obtained, and the control flow goes to S1 12 to gen- 
45 erate a signal for de-energizing the solenoid 1 16 of the inflow control valve 138. that is. a signal for closing the inflow 
control valve 138. If the amount of the fluid left in the reservoir 132 is zero, an affirmative decision (YES) is obtained in 
S1 1 1 , and the control flow goes to Si 09 to generate a signal for opening the inflow control valve 138. In either case. / 
one cycle of execution of the present routine is terminated. 

[0054] In the present embodiment described above, the fluid delivered from the master cylinder 14 is not reduced 
so before it is pressurized by the pump 16 and supplied to the brake cylinder 10 to increase the fluid pressure in the brake 
cylinder 10. Since the pump 16 is operated for increasing the master cylinder pressure to the desired brake cylinder 
pressure, the load acting on the pump motor 1 14 is reduced, and the size and operating noise of the pump motor can 
be accordingly reduced, while the initial operating response of the pump motor 114 is improved and the service life of 
the pump motor 1 1 4 is prolonged. 
55 [0055] It will be understood from the foregoing explanation of the present embodiment that the pressure increasing 
valve 40 and the pressure reducing valve 50 correspond to an "electromagnetic hydraulic pressure control device", 
while these valves 40. 50 and a portion of the ECU 140 assigned to execute the anti-lock brake pressure control routine 
correspond to an "automatic hydraulic pressure control device", and that the fluid supply passage 1 30, check valve 1 34, 
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inflow control valve 138 and a portion of the ECU 140 assigned to implement steps Si 02, S103 and S108-S1 12 of Fig. 
1 1 correspond to a "fluid supply device". 

[0056] Then, a third embodiment of this invention will be described. 

[0057] Fig. 13 shows a mechanical arrangement of the present embodiment. This embodiment is different from the 
5 first embodiment in the elements relating to the pressure control valve, and is identical with the first embodiment In the 
other elements. Therefore, only the elements relating the pressure control valve will be described in detail. 
[0058] A pressure control valve 150 is adapted to mechanically control a relationship between the master cylinder 
pressure and the brake cylinder pressure. 

[0059] The pressure control valve 150 has a housing 150, as shown in Fig. 14. This housing 152 has a stepped cyl- 

10 inder bore 154 formed therein. The cylinder bore 154 communicates at its large-diameter portion with the master cylin- 
der side, and at its small-diameter portion with the brake cylinder side. A piston 156 is slidably received in the cylinder 
bore 154. The piston 156 is also stepped, and the large-diameter and small-diameter portions of the piston 156 sub- 
stantially air-tightly and slidably engage the respective large-diameter and small-diameter portions of the cylinder bore 
154. With the piston 156 received in the cylinder bore 154, there are formed in the housing 152 a first fluid chamber 160 

75 on the master cylinder side, a second fluid chamber 1 62 on the brake cylinder side, and an atmospheric pressure cham- 
ber 1 64 located between the shoulder surfaces of the cylinder bore 1 54 and piston 1 56. The large-diameter portion 1 68 
of the piston 1 56 has a pressure-receiving surface area Si which receives a first fluid pressure in the first fluid cham- 
ber 160, while the small-diameter portion 170 of the piston 156 has a pressure-receiving surface area S2 (< Si) which 
receives a second fluid pressure in the second fluid chamber 162. In the atmospheric pressure chamber 164. there 

20 is disposed an elastic member in the form of a spring 172 such that the spring 172 is interposed and compressed 
between the housing 152 and the piston 156. so as to bias the piston 156 with a force F3 in a direction for increasing 
the volume of the atmospheric pressure chamber 164, namely, in a direction toward a non-operated position at which 
the large-diameter portion 168 abuts on the bottom of the large-diameter portion of the cylinder bore 154. The fully 
retracted position (non-operated position) of the piston 156 is determined by abutting contact of the end face of the 

25 large<Jiameter portion 1 68 of the piston 1 56 with the bottom of the large-diameter portion of the cylinder bore 1 54, while 
the fully advanced position of the piston 1 56 is determined by abutting contact of the shoulder surface of the piston 145 
with the shoulder surface of the housing 152. 

[0060] A communication passage 174 is formed through the piston 156. for communication between the first fluid 
chamber 170 and the second fluid chamber 162. The communication passage 174 is opened and closed by a shut-off 

30 valve 176. The shut-off valve 176 includes a valve member 178, a valve seat 180. a nearest -position stop member 181 
for determining a position of the valve member 1 78 nearest to the valve seat 1 80, and an elastic member in the form of 
a spring 182 which biases the valve member 178 toward the above-indicated nearest position. The valve seat 180 is 
movable with the piston 156 as a unit, and is formed so as to face the second fluid chamber 162. The nearest-position 
stop member 1 81 is fixed to the housing 1 52. That is. the shut-off valve 176 is adapted such that the relative movement 

35 of the valve member 1 78 and the valve seat 1 80 is controlled by the piston 1 56. 

[0061] Then, an operation of the pressure control valve 150 will be explained referring to Fig. 14. 
[0062] When the braking system is in the non-operated state in which the braking effect characteristic control is not 
effected and the fluid is not delivered from the pump 1 6 to the second fluid chamber 1 62. with the pump 1 6 being at rest 
(when the braking system is in a state in which the braking effect characteristic control is not effected), the piston 156 

40 is placed at its fully retracted position indicated at (a) in Fig. 14. with the valve member 178 being unseated from the 
valve seat 180, so that the communication passage 1 74 is open. 

[0063] When the braking system is operated in this state and the first fluid pressure P^ is increased by the master 
cylinder 14, the second fluid pressure P2 increases with the first fluid pressure P^ since the communication passage 
174 is open. As a result, the piston 156 receives an axial force (= F^ - F2) which is equal to a force F^ (first pressure P^ 

45 X pressure-receiving surface area S^) based on the first fluid pressure P^ minus a force F2 (second pressure Pg x pres- 
sure-receiving surface area 82) based on the second fluid pressure P2 (which is equal to Pi in this state). 
[0064] If, as a result of a subsequent increase in the the brake operating force, the first fluid pressure Pi . that is, the 
second fluid pressure P2 is increased to a level at which the axial force acting on the piston 156 exceeds the biasing 
force F3 of the spring 1 72, namely, to a level at which a relationship represented by a formula PiX(S^-S2)sF3is 

50 established, the piston 1 56 is advanced from the fully retracted position, and the valve seat 1 80 is moved with the piston 
156, so that the valve member 178 which has been located at the position nearest to the valve seat 180 is seated on 
the valve seat 180. As a result, the communication passage 1 74 is closed. When the piston 156 is further advanced by 
a small distance from the position at which the valve member 178 is seated on the valve seat 180, the piston 156 has 
reached its fully advanced position at which the shoulder surface of the piston 156 comes into abutting contact with the 

55 shoulder surface of the housing 152, so that a further advancement of the piston 156 is inhibited. Thus, the shoulder 
surface of the housing 1 52 on which the shoulder surface of the piston 1 56 in the fully advanced position abuts provides 
an advanced-position stop member 184. 

[0065] When the piston 1 56 is placed in its fully advanced position, the first and second fluid pressures P^ . P2 act on 
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the valve member 1 78 in the opposite directions. When the first fluid pressure is made higher than the second fluid 
pressure P2 (provided the elastic force of the spring 180 is so small and can be ignored), the valve member 178 is 
retracted away from the valve seat 180, so that the communication passage 174 is again opened, permitting the fluid 
to flow from the first fluid chamber 160 toward the second fluid chamber 162, whereby the second fluid pressure P2 
5 increases with the first fluid pressure P-t such that the second fluid pressure P2 increases with the first fluid pressure P^ . 
[0066] Thus, when the braking effect characteristic control is not effected: the function of the pressure control valve 
150 is substantially inhibited by the advanced-position stop member 184, so that the fluid pressure in the brake cylinder 
10 is equal to the master cylinder pressure. 

[0067] There will next be described an operation of the pressure control valve 150 when the the braking effect char- 
10 acteristic control is effected during brake application, with the fluid delivered from the activated pump 16 to the second 
fluid chamber 162 (when the braking system is in a state in which the braking effect characteristic control is effected). 
[0068] When the second fluid pressure P2 is made higher than the first fluid pressure Pi in this state, the valve mem- 
ber 1 78 is first seated on the valve seat 1 80. With a further increase in the second fluid pressure P2. the valve member 
1 78 is retracted with the piston 1 56 from the fully advanced position. In this state, the valve member 1 78 and the piston 
15 1 56 are moved to a position of equilibrium of forces represented by the following equation: 

P^ X Si = Pg X S2 + F3 
[0069] Therefore, the second fluid pressure P2 is represented by the following equation: 

20 

P2 = P,x(Si/S2)-F3/S2 

[0070] Thus, the fluid pressure in the brake cylinder 1 0 is controlled to be higher than the first fluid pressure Pi , that 
is, than the master cylinder pressure P^, by an amount P 1 x {(S -j/Sg) - 1} - F 3/S 2 . 

25 [0071 ] When the piston 1 56 is retracted beyond the position of the valve member 1 78 nearest to the valve seat 1 80. 
as a result of a further increase of the second fluid pressure P2 by operation of the pump 16. the fluid is permitted to: 
flow from the second fluid chamber 1 72 toward the first fluid chamber 1 60. so that an increase in the second fluid pres- . 
sure P2 is inhibited, whereby the second fluid pressure P2 is maintained at the level represented by the above equation. ^ 
That is. the fluid delivered from the pump 16 is returned to the master cylinder 14 through the pressure control valve 

30 1 50, so that the second fluid pressure P2 is maintained at the level represented by the above equation. ?. 

[0072] It will be understood from the above equation that the second fluid pressure P2 is equal to the first fluid pres- r 
sure Pi multiplied by a value obtained by dividing the pressure-receiving surface area Si of the large-diameter portion-^ 
1 68 of the piston 1 56 by the pressure-receiving surface area S2 of the small-diameter portion 1 70 (provided the elastic -r 
force F3 is so small and can be ignored). Accordingly, the relationship between the master cylinder pressure P^ and the:- 

35 brake cylinder pressure Pb is such that the brake cylinder pressure Pb increases with the master cylinder pressure P^*^ 
at a higher rate when the pump motor is in operation than when the pump motor is not in operation, as indicated in the 
graph of Fig. 15(a). The relationship between the brake operating force F and the deceleration value G of the vehicle 
body is such that the deceleration value G increases with the brake operating force F at a higher rate when the pump 
motor is in operation than when the pump motor is not in operation, as indicated in the graph of Fig. 15(b). However, the 

40 rate of increase of the deceleration value G is different before and after the boosting limit of the booster 30 has been 
reached. 

[0073] In the present embodiment, it is noted that the direction of movement of the valve member 1 78 as the movable 
member for seating on the valve seat 180 as the stationary member (in the fully advanced position) is opposite to the 
direction of movement of the movable member by the fluid force acting on the movable member due to the fluid flow 
45 from the master cylinder 14 toward the brake cylinder 10 upon depression of the brake pedal 32. so that there is not a 
possibility that the pressure control valve 150 is closed by the fluid force acting on the movable member upon depres- 
sion of the brake pedal 32. Therefore, unlike the first and second embodiments, the present embodiment does not have 
a by-pass passage with a check valve, which by-passes the pressure control valve 150. 

[0074] Fig. 16 shows an electrical arrangement of the present embodiment. In the present embodiment wherein the 
50 the pressure control valve 150 is a mechanically operated type unlike that in the first embodiment, only the solenoids 
1 16 of the pressure increasing valve 40 and the pressure reducing valve 50 are electrically controlled. 
[0075] A braking effect characteristic control routine stored in a ROM of a computer of an ECU 1 94 is illustrated in the 
flow chart of Fig. 1 7. The present routine is initiated with S201 to read the master cylinder pressure signal received from 
the master cylinder pressure sensor 80. Then, S202 is implemented to determine whether the master cylinder pressure 
55 Pm represented by the master cylinder pressure signal is higher than the reference value Pmq- master cylinder 
pressure P^ is not higher than the reference value P^o 'i^ the present cycle of execution of the routine, a negative deci- 
sion (NO) is obtained, and the control flow goes to S203 to generate a signal for turning off the pump motor 114. If the 
master cylinder pressure Pm is higher than the reference value Pmo in the present cycle, on the other hand, an affirm- 
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ative decision (YES) is obtained in S202. and the control flow goes to S204 to generate a signal for turning off the punp 
motor 1 14. In the present embodiment, only the pump motor 1 14 is electrically controlled in the braking effect charac- 
teristic control. 

[0076] While the present embodiment is adapted to initiate the braking effect characteristic control depending upon 
5 the fluid pressure in the master cylinder 14, the braking effect characteristic control may be initiated when any other 
condition is satisfied, for instance, when the brake pedal 32 as the brake operating member is operated at a higher rate 
than usual. 

(0077] Then, a fourth embodiment of this invention will be described. 

[0078] Fig. 18 shows a mechanical arrangement of the present embodiment. The present embodiment is different 

10 from the second embodiment in that the pressure control valve 22 is replaced by the mechanically operated pressure 
control valve 150 used in the third embodiment. Thus, the present embodiment incorporates a combination of the spe- 
cific features of the second and third embodiments which use common elements in the other aspects, and no detailed 
description of this embodiment will not be provided. 
[0079] Then, a fifth embodiment of this invention will be described. 

15 [0080] Fig. 1 9 shows a mechanical arrangement of this embodiment. 

[0081] In all of the preceding embodiments wherein the brake cylinder pressure can be made higher than the master 
cylinder pressure by utilizing the pump 16. the braking effect can be improved while avoiding a drawback which would 
arise from reduction of the boosting limit of the booster 30 with an increase in the servo ratio of the booster 30. It is 
noted, however, that an increase in the servo ratio of the booster 30 means an increase in the degree of contribution of 

20 the booster 30 to an increase in the brake cylinder pressure, and that the moment of initiation of the braking effect char- 
acteristic control depends upon the master cylinder pressure as influenced by the operation of the booster 30. On the 
other hand, it cannot be said that the booster 30 will not fall at all. If, for instance, the booster 30 failed, the master cyl- 
inder pressure could not exceed the reference value Pmq. SLn6 the braking force would be reduced not only due to 
the failure of the booster 30 but also due to failure of the braking effect characteristic control to be initiated. In the view 

25 of this, the present embodiment uses the pressure control valve 22 which is electromagnetically controlled to control the 
relationship between the master cylinder pressure and the brake cylinder pressure, such that the pressure difference 
by which the brake cylinder pressure is higher than the master cylinder pressure is determined not only on the basis of 
the brake operating force F, but also depending upon whether the booster 30 is defective or not. 
[0082] The present embodiment is characterized in that the pressure difference by which the brake cylinder pressure 

30 is higher is determined also depending upon whether the booster 30 is defective or not. Namely the first embodiment 
is modified into the present embodiment, by introducing this characteristic technique. Accordingly, this embodiment has 
a number of elements which are identical with those of the first embodiment and are identified by the same reference 
signs as used in the first embodiment. Detailed description of these elements will not be provided, and only the ele- 
ments specific to the second embodiment will be described in detail. 

35 [0083] In the present embodiment, wherein the booster 30 is a vacuum type, whether the booster 30 is defective or 
not is determined on the basis of the vacuum pressure in the booster 30. To this end, the present embodiment uses a 
vacuum pressure sensor 200, as shown in Figs. 19 and 20. in addition to the elements of the first embodiment shown 
in Figs. 2 and 4. The vacuum pressure sensor 200 detects a vacuum pressure Pvi and applies to an ECU 210 a vacuum 
pressure signal indicative of the detected vacuum pressure Py- 

40 [0084] A ROM of the computer of the ECU 210 stores a braking effect characteristic control routine illustrated in the 
flow chart of Fig. 21 . While this routine will be described in detail by reference to Fig. 21 , the same steps as in the brak- 
ing effect characteristic control routine (Fig. 5] of the first embodiment will be explained only briefly. 
[0085] The present routine is initiated with S301 to read the master cylinder pressure signal received from the master 
cylinder pressure sensor 90. Then. S302 is implemented to read the vacuum pressure signal received from the vacuum 

45 pressure sensor 200. Then, the control flow goes to S303 to determine whether an absolute value of the vacuum pres- 
sure Pv represented by the vacuum pressure signal is smaller than a threshold value Pyo. namely to determine 
whether the booster 30 is capable of normally performing a boosting operation. If the absolute value of the vacuum 
pressure Pv in this control cycle is not smaller than the threshold value Pyo. a negative decision (NO) is obtained, and 
the control flow goes to S304 to determine that the booster 30 is in a normal state, and set the reference value Pmo to 

50 a normal value P^n- If the absolute value of the vacuum pressure Py in the present control cycle is smaller than the 
threshold value Pyo. an affirmative decision (YES) is obtained in S303, and the control flow goes to S305 to determine 
that the booster 300 is in a defective state, and set the reference value P^q to a special value P^s which is lower than 
the normal value Pmim. For instance, the special value P^s is zero. Thus, the reference value P^o to be lower when 
the booster 30 is defective than when the booster 30 is normal, so that the braking effect characteristic control is more 

55 easily initiated so as to increase the brake cylinder pressure, when the booster is defective. 

[0086] In either case, the control flow then goes to S307 to determine whether the master cylinder pressure P^ is 
higher than the reference value P^o. If the master cylinder pressure P^ in the present control cycle is not higher than 
the reference value, a negative decision (NO) is obtained, and the control flow goes to S307 to turn off the solenoid 74 
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of the pressure control valve 22 and the pump motor 1 14. Thus, one cycle of execution of the present routine Is termi- 
nated. 

[0087] If the master cylinder pressure in the present control cycle is higher than the reference value P^q, an affirm- 
ative decision (YES) is obtained in S306, and the control flow goes to S308 to calculate the desired pressure difference 

5 aP of the brake cylinder pressure Pb from the master cylinder pressure P^. Described more specifically, when the 
booster is normal, the desired pressure difference AP is zero while the master cylinder pressure Pm is within a range 
between zero and the normal value P^n. and linearly increases with an increase in the master cylinder pressure P^ 
from the normal value P^isj. as Indicated In Fig. 22(a). When the booster is defective, on the other hand, the desired 
pressure difference AP linearly increases with an increase in the master cylinder pressure P^ from zero, as indicated 

10 in Fig. 22(b). Then, S309 is implemented to calculate the electric current value I on the basis of the calculated desired 
pressure difference AP. Successively, the control flow goes to S310 to apply the desired electric current I to the solenoid 
74 of the pressure control valve 22. Then. S31 1 Is implemented to turn on the pump motor 31 1 . Thus, one cycle of exe- 
cution of the present routine is terminated. 

[0088] In the present embodiment, therefore, the amount of reduction of the brake cylinder is minimized when the 
75 booster 30 is defective. For instance, the brake cylinder pressure when the booster is defective can be increased to a 
level which is substantially the same level as when the booster is normal, so that the operating reliability of the braking 
system is improved. 

[0089] Although the present embodiment is obtaining by applying to the first embodiment the characteristic feature 
that the brake cylinder pressure is determined also depending upon whether the booster 30 is defective or not. the char- 

20 acteristic feature may be equally applied to the preceding several embodiments and the following several embodiments. 
[0090] It will be understood from the above explanation of the present embodiment that the case where the absolute 
value of the vacuum pressure Py in the booster 30 Is smaller than the threshold value Pvo corresponds to a case where 
the booster is not normally functioning to perform a boosting operation", and that the vacuum pressure sensor 200 and 
a portion of the ECU 210 assigned to implement S303-S305 of Fig. 21 correspond to "post-boosting-abnormality con- , 

25 trol means". It will also be understood that a portion of the ECU 210 assigned to implement S303-S305 and S30d-S31 0; 
provides a "post-booster-defect magnetic force control device" for controlling the magnetic force generated by the^pres- 
sure control valve 22 so as to avoid reduction of the brake cylinder pressure due to abnormality of the boosting function . 
of the booster 30. 

[0091 ] Then, a sixth embodiment of this Invention will be described. -^^ 
30 [0092] Rg. 23 shows a mechanical arrangement of the present embodiment. The present embodiment Is basically, 
identical in the mechanical arrangement with the second embodiment of Fig. 10, except in that while the second,, 
embodiment is adapted to effect the braking effect characteristic control for increasing the brake cylinder pressure by^ 
utilizing the pump 16. the present embodiment is adapted to Increase the brake cylinder pressure by a BA control. The 
"BA control" Is effected during emergency brake application, so as to avoid a failure of the braking system to provide a 
35 required deceleration value of the vehicle body due to Insufficiency of the operator's brake operating force R In the BA. 
control, the brake cylinder pressure for a given value of the brake operating force F is increased to increase the vehicle 
body deceleration G, by compensating the basic relationship between the braking force F and the vehicle body decel- 
eration as Indicated In Fig. 42. 

[0093] To this end, the present embodiment is provided with brake operating state detecting means in the form of an 
40 operating speed sensor 230 for detecting the operating state of the brake pedal 32 which functions as the brake oper- 
ating member, as indicated in Figs. 23 and 24. The operating speed sensor 230 detects the operating speed and 
applies to an ECU 240 an operating speed signal indicative of the detected operating speed. For example, the operating 
speed sensor 230 Includes a sensor for detecting the operating position of the brake pedal 32, and an arithmetic circuit 
for calculating, as the operating speed of the brake pedal 32, a rate at which the operating position is changed. 
45 [0094] To effect the BA control in the present embodiment, a ROM of a computer of the ECU 240 stores a BA control 
routine illustrated In the flow chart of Fig. 25. 

[0095] The present routine is Initiated with S401 to read the operating speed signal received from the operating speed 
sensor 230. Then. S402 is implemented to determine whether the vehicle operator has required application of an emer- 
gency brake. This determination is made on the basis of the operating speed represented by the operating speed sig- 

50 nal. For instance, the operation for emergency brake application is detected when the operating speed is higher than a 
predetermined threshold. If the operation for emergency brake application Is not detected, a negative decision (NO) is 
obtained, and the control flow goes to S403 to generate a signal for turning off the solenoid 74 of the pressure control 
valve 22. a signal for turning off the pump motor 1 14. and a signal for turning off the solenoid 1 16 of the Inflow control 
valve 138 to close this valve. Thus, one cycle of execution of the present routine is terminated. 

55 [0096] If the operation for emergency brake application is detected, an affirmative decision (YES) is obtained in S402, 
and the control flow goes to S404 in which the electric current to be applied to the solenoid 74 of the pressure control 
valve 22 is set to a predetermined current value I^b which is suitable for applying an emergency brake to the vehicle. 
For example, the predetermined current value I^b determined such that the fluid pressure in the brake cylinder 10 as 
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a result of the BA control is as high as to initiate an anti-lock brake pressure control operation, Further, the current value 
Ieb is determined such that a pressure difference arises between the brake cylinder 10 and the master cylinder 14. 
Then, S405 is implemented to apply the electric current I to the solenoid 74 of the pressure control valve 22. Succes- 
sively, the control flow goes to S406 to generate a signal for turning on the punnp motor 114. and a signal for turning on 

5 the solenoid 1 16 of the inflow control valve 1 38 to open this valve. As a result, the fluid pressure in the brake cylinder 
10 is raised to a level higher than the master cylinder pressure, and the anti-lock brake pressure control operation is 
eventually initiated so as to stop the vehicle with a vehicle running distance as short as possible. 
[0097] It is noted that the BA control in the present embodiment is applicable to the mechanical arrangements of the 
preceding second through fifth embodiments and mechanical arrangements of the following several embodiments. Fur- 

10 ther, the feature of the BA control may be provided, together with the feature of the braking effect characteristic control 
in the first through fifth embodiments and the following several embodiments. In the latter case, the braking effect char- 
acteristic control is selected and effected when the operator's brake operation does not require an emergency brake 
application, while the BA control is selected and effected when the operator's brake application requires an emergency 
brake application. 

15 [0098] It will be understood from the above explanation of the present embodiment that the vehicle operator operation 
of the brake pedal 32 at a speed higher than the predetermined value corresponds to a "state in which the brake oper- 
ating member is operated by the vehicle operator, so as to apply an emergency brake to the vehicle". It will also be 
understood that the operating speed sensor 230 and a portion of the ECU 240 assigned to implement steps S401 -S403 
and S406 of Fig. 25 correspond to "post-emergency-brake-operation control means", while a portion of the ECU 240 

20 assigned to implement steps S401 , S402, S404 and S405 provides a "post-emergency-brake-operation magnetic force 
control device" for effecting the BA control during emergency brake application so as to compensate for insufficiency of 
the brake operating force F 

[0099] Thee will next be described a seventh embodiment of this invention. 

[0100] Fig. 26 shows a mechanical arrangement of this embodiment. The present embodiment is identical with alt of 
25 the preceding embodiments in that all of these embodiments are anti-lock type diagonal braking systems each having 
two braking sub-systems. However, the present embodiment is different from the preceding embodiments, in hydraulic 
circuit arrangement and control valve arrangement. The same reference signs as used in the preceding embodiments 
will be used in the present embodiment to identify the same elements, and detailed description of these elements will 
not be provided. Only the elements specific to the present embodiment will be described in detail. 
30 [0101 ] One of the two braking sub-systems of the present braking system will be described by way of example. One 
of the pressurizing chambers of the master cylinder 14 is connected through a primary fluid passage 300 to the brake 
cylinder 10 for the front left wheel FL and the brake cylinder 10 for the rear right wheel RR. The primary fluid passage 
300 consists of a single main passage 302 and two branch passages 304, 306 connected to the main passage 302. 
The brake cylinder 10 for the front left wheel FL is connected to the end of the branch passage 304. while the brake 
35 cylinder 10 for the rear right wheel RR is connected to the end of the other branch passage 306. In the main passage 
302, there is provided the same pressure control valve 22 as provided in the first, second, fifth and sixth embodiments. 
The pressure control valve 22 is electromagnetically controlled to control the relationship between the master cylinder 
pressure and the brake cylinder pressure. 

[0102] In the branch passage 307. there are provided a first solenoid-operated valve 310 and a second solenoid-oper- 
40 ated valve in the order of description. These solenoid-operated valves 310, 312 are both normally-open solenoid-oper- 
ated shut-off valves. A reservoir passage 31 4 is connected to a portion of the branch passage 306 between the first and 
second solenoid-operated valves 310, 312. To the end of the reservoir passage 314, there is connected the same res- 
ervoir 1 32 as provided in the second embodiment. In the reservoir passage 3 1 4, there is provided a third solenoid-oper- 
ated valve 316. this third solenoid-operated valve 316 is a normally-closed solenoid-operated shut-off valve. 
45 [01 03] The reservoir 1 32 is connected through a pump passage 31 6 to the suction side of the pump 1 6. and the deliv- 
ery side of the pump 16 is connected through an auxiliary passage 320 to a portion of the branch passage 306 between 
the first solenoid-operated valve 310 and a point of connection of the branch passage 306 to the reservoir passage 314. 
The pump 1 6 is provided with the suction valve 62 and the delivery valve 64. 

[0104] As in the second and fourth embodiments, the fluid supply passage 130 is provided to connect a portion of the 
so main passage 302 between the master cylinder 1 4 and the pressure control valve 22. to a portion of the pump passage 
318 between the suction valve 62 and the reservoir 132. As in the second and fourth embodiments, the check valve 134 
is provided in a portion of the pump passage 318 between its points of connection to the auxiliary passage 130 and the 
reservoir passage 314. The check valve 134 inhibits a flow of the fluid from the master cylinder 14 toward the reservoir 
1 32. Thus, the present embodiment Is also adapted to supply the fluid from the master cylinder 1 4 directly to the suction 
55 side of the pump 16. without the fluid being once stored in the reservoir 132. 

[0105] In the fluid supply passage 130. there is provided an inflow control valve 324. As in the second and fourth 
embodiments, this inflow control valve 324 is electromagnetically controlled. Unlike the inflow control valve in those 
embodiments, the inflow control valve 324 is normally open. The inflow control valve 324 is designed to be normally 
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open for the following reason: That Is, the inflow control valve 138 in the second embodiment is normally closed, and Is 
held open only while the braking effect characteristic control is effected. During operation of the braking system, only 
the primary passage 18 is always available for supplying the working fluid from the master cylinder 14 to the brake cyl- 
inder 10. The pressure control valve 22 provided in this primary passage 18 may possibly be closed by the fluid force 

5 acting on the movable member in the form of the valve member 70 upon depression of the brake pedal 32. To permit a 
flow of the fluid from the master cylinder 14 to the brake cylinder 10 even in the event of closure of the pressure control 
valve 22, the passage 82 provided with the check valve 84 is provided to by-pass the pressure control valve 22. On the 
other hand, the inflow control valve 324 which is normally open permits the fluid to be delivered from the master cylinder 
14 to the two brake cylinders 10 through the fluid supply passage 130. Inflow control valve 324, pump 16, auxiliary pas- 

10 sage 320. and portions of the branch passages 306, 304, during operation of the braking system, even in the event of 
closure of the pressure control valve 22. and irrespective of whether the braking effect characteristic control is effected 
or not. The normally open inflow control valve 324 eliminates the provision of a passage which by-passes the pressure 
control valve 22 and which is provided with a check valve. Thus, the present embodiment which uses the same pressure 
control valve 22 as used in the second embodiment employs the normally-open inflow control valve 324, in order to 

75 eliminate the passage which by-passes the pressure control valve 22 and which is provided with a check valve. 

[0106] While all of the preceding embodiments include the pressure increasing valve 40 and the pressure reducing 
valve 50 for each of the two brake cylinders 10 in the same braking sub-system, the present embodiment employs a 
control valve arrangement which is different from those of the preceding embodiments, for reducing the number of con- 
trol valves. That is, the first, second and third solenoid-operated valves 310, 312, 316 are provided for controlling the 

20 fluid pressures in the two brake cylinders 10. 

[01 07] Described in detail, the fluid pressure in the brake cylinder 1 0 for the front left wheel FL is increased by opening 
the first solenoid^operated valve 310 and closing both of the second and third solenoid-operated valves 312 and 316. 
held at the same level by closing the first solenoid-operated valve 310, and reduced by opening both of the first and third 
solenoid-operated valves 310 and 316 and closing the second solenoid-operated valve 312. On the other hand, the fluid 

25 pressure in the brake cylinder 10 for the rear right wheel RR is increased by opening the second solenoid-operated 
valve 312 and closing the third solenoid -ope rated valve 316, held at the same level by closing the second solenoid- 
operated valve 312, and reduced by opening both of the second and third solenoid-operated valves 312 and 3 16:- In the . -\ 
present embodiment when the fluid pressure in the brake cylinder 10 for the front left wheel FL is required to be ^ 
reduced, the fluid pressure in that brake cylinder 10 can be reduced alone, by closing the second solenoid-operated 

30 valve 312. When the fluid pressure in the brake cylinder 10 for the rear right wheel RR is required to be reduced, the . i 

fluid pressure in that brake cylinder 10 can be reduced along, by closing the first solenoid -operated valve 310. Thus, , 
although the present embodiment uses the same reservoir passage 314 for the brake cylinders 10 for the front left . ^ 
wheel FL and rear right wheel RR, the fluid pressure in each of the brake cylinders 10 can be reduced alone. • * ,f 
[0108] It is also noted that all of the preceding embodiments are adapted such that while the braking effect charac- 

35 terlstic control is not effected during anti-lock brake pressure control operation, the pressure control valve 22, 150 is In 

a state permitting a flow of the fluid from the master cylinder 14 toward the brake cylinders 10. the fluid cannot be.deliv- s 
ered from the pump 16 unless the delivery pressure of the pump 1 6 is higher than the master cylinder pressure.-ln the k 
present embodiment, on the other hand, the pressure control valve 22 inhibits a flow of the fluid from the master cylinder 
14 toward the brake cylinder 10 during an anti-lock brake pressure control operation, so that the fluid can be delivered 

40 from the pump 16 even when the delivery pressure is not higher than the master cylinder pressure. Therefore, the 
present embodiment is adapted to control the electric current for energizing the solenoid 74 of the pressure control 
valve 22 for the valve member 70 to be seated on the valve seat 72. even while the braking effect characteristic control 
is not effected during the anti-lock brake pressure control operation. 
[0109] Fig. 27 shows an electrical arrangement of the present embodiment. 

45 [0110] While the second embodiment requires six solenoid-operated valves for each braking sub-system in order to 
effect both the anti-lock brake pressure control operation and the braking effect characteristic control, five solenoid- 
operated valves are sufficient in the present embodiment. Further, the fluid pressures in the two brake cylinders 10 in 
each braking sub-system can be increased, held and reduced independently of each other. Thus, the present embodi- 
ment is capable of mutually independently controlling the fluid pressures in the brake cylinders, with the smaller number 

50 of solenoid-operated valves. 

[01 1 1 ] A routine for controlling the pressure control valve 22 and the inflow control valve 324 of the five solenoid-oper- 
ated valves which have been described is stored in a ROM of an ECU 330. This routine is illustrated in the flow chart of 
Fig. 28. The pressure control valve 22 is not only involved in the braking effect characteristic control, but also required 
to perform a function of disconnecting the brake cylinder 1 0 from the master cylinder 1 4 during an anti-lock brake pres- 

55 sure control operation. Accordingly, the present routine includes a portion for controlling the pressure control valve 22 
during the anti-lock brake pressure control operation, as well as a portion relating to the braking effect characteristic 
control. The routine further includes a portion for controlling the pump motor 114 during the anti-lock brake pressure 
control operation. While the content of the present routine will be described, the same steps as in the second emtx)di- 



43 



BNSOOCIO: <EP_0928730A1 J_> 



EP 0 928 730 A1 



ment will be described only briefly. 

[01 1 2] To begin with, there will be described an operation of the sub-system where neither the braking effect charac- 
teristic control nor the anti-lock brake pressure control operation is performed. 

[01 1 3] In this case, S501 is initially implemented to read the master cylinder pressure signal received from the master 
5 cylinder pressure sensor 80. Then, S502 is implemented to determine whether the master cylinder pressure Pm repre- 
sented by the master cylinder pressure signal is higher than the reference value P^o- Since it is assumed that the brak- 
ing effect characteristic control is not effected with the master cylinder pressure Pf^ being not higher than the reference 
value P|^o in the present control cycle, a negative decision (NO) is obtained, and the control flow goes to S503 to deter- 
mine whether an anti-lock brake pressure control operation is performed. Since it is assumed that the anti-lock brake 
10 pressure control operation is not performed in this control cycle, a negative decision (NO) is obtained, and the control 
flow goes to S504 to generate a signal for de-energizing the solenoid of the inflow control valve 324 (for opening the 
valve 324), and a signal for turning off the pump motor 1 14. Thus, one cycle of execution of the present routine is ter- 
minated. 

[01 1 4] There will next be described an operation where the braking effect characteristic control is effected without an 
15 anti-lock brake pressure control operation. 

[Oil 5] In this case, an affirmative decision (YES) is obtained in S502, and the control flow goes to S505 to calculate 
the desired pressure difference AP between the master cylinder pressure P^ and the brake cylinder pressure Pb- Then, 
S506 is implemented to calculate the desired solenoid electric current I depending upon the desired pressure difference 
AR Successively, the control flow goes to S507 to control the electric current to be applied to the solenoid 74 of the pres- 
to sure control valve 22, on the basis of the desired solenoid electric current I. The. S508 is implemented to turn on the 
pump motor 114. Successively S509 is implemented to determine whether an anti-lock brake pressure control opera- 
tion is performed. Since it is assumed that the anti-lock brake pressure control is not effected in this control cycle, a neg- 
ative decision (NO) is obtained, and the control flow goes to S510 to generate a signal for de-energizing the solenoid 
of the inflow control valve 324, that is, a signal for opening the inflow control valve 324. Thus, one cycle of execution of 
25 the present routine is terminated. 

[01 1 6] There will next be described an operation where the braking effect characteristic control and the anti-lock brake 
pressure control are both effected. 

[0117] In this case, the affirmative decision (YES) is obtained in S502. and S505-S5G9 are implemented as in the 
above case. Since it is assumed that the anti-lock brake pressure control is effected in this control cycle, an affirmative 

30 decision (YES) is obtained in S508, and the control flow goes to S51 1 to estimate the amount of the fluid which is 
present in the reservoir 132 and which can be pumped up by the pup 16. Then. S512 is implemented to determine 
whether the estimated amount of the reservoir fluid is zero. If the amount of the reservoir fluid is not zero, a negative 
decision (NO) is obtained, and the control flow goes to S513 to generate a signal for energizing the solenoid of the 
inflow control valve 324, that is. a signal for closing the inflow control valve 324. If the amount of the reservoir fluid is 

35 zero, an affirmative decision (YES) is obtained in S51 2. and the control flow goes to S51 0 to generate the signal for de- 
energizing the solenoid of the inflow control valve 324, that is. the signal for opening the inflow control valve 324. In 
either case, one cycle of execution of the present routine is terminated. 

[01 18] It is noted that where both the braking effect characteristic control and the anti-lock brake pressure control are 
effected, the anti-lock brake pressure control is effected while the valve member 70 of the pressure control valve 22 is 
40 seated on the valve seat 72, so that the fluid can be delivered from the pump 16 even when the delivery pressure is 
lower than the master cylinder pressure. 

[01 1 9] Then, an operation where the anti-lock brake pressure control is effected without the braking effect character- 
istic control will be described. 

[0120] In this case, the negative decision (NO) is obtained in S502, while an affirmative decision (YES) is obtained in 
45 S503, and the control flow goes to S51 4 to generate a signal for turning on the pump motor 1 1 4. The pump motor 1 1 4 
is turned on to increase the fluid pressure in each brake cylinder 10 by operation of the pump 16 during the anti-lock 
brake pressure control operation. Then, S515 is implemented to determine whether a predetermined time has elapsed 
after the initiation of the anti-lock brake pressure control operation. If the predetermined time has not elapsed, a nega- 
tive decision (NO) is obtained, and the control flow goes to S51 6 to apply the maximum electric current Imax to the sote- 
50 noid 74 of the pressure control valve 22, so that the valve member 70 is rapidly seated onto the valve seat 72. If the 
pr determined time has elapsed after the initiation of the anti-lock brake pressure control operation, an affirmative deci- 
sion (YES) is obtained in S51 5, and the control flow goes to S51 7 to zero the electric current to be applied to the pres- 
sure control valve 22. 

[0121] Immediately after the initiation of the anti-lock brake pressure control operation, the fluid pressure difference 
55 between the master cylinder side and the brake cylinder side of the valve member 70 of the pressure control valve 22 
is substantially zero, so that the solenoid 74 is required to be energized with a large amount of electric current, for rap- 
idly seating the valve member 70 onto the valve seat 72. Once the fluid pressure in the brake cylinder 10 has been 
reduced after the initiation of the anti-lock brake pressure control operation, the fluid pressure on the master cylinder 
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side of the valve member 70 of the pressure control valve 22 becomes higher than that on the brake cylinder side of the 
valve member 70, so that the valve member 70 remains seated on the valve seat 70 without a magnetic force generated 
by the solenoid 74. That is. the valve member 70 remains seated on the valve seat 72 based on the difference between 
the fluid pressures in the master cylinder 1 4 and the brake cylinder 10. Accordingly, the present embodiment is adapted 

5 not to hold the solenoid 74 of the pressure control valve 22 in the energized state throughout the anti-lock brake pres- 
sure control operation, but to energize the solenoid 74 as long as the energization is required, so that the amount of 
consumption of the electric power is saved. When the difference between the master cylinder pressure and the brake 
cylinder pressure becomes unable to overcome the elastic force F3 of the spring 76 due to reduction in the amount of 
depression of the brake pedal 32 during the anti-lock brake pressure control operation, the valve member 70 is 

10 unseated from the valve seat 72, and the fluid pressure in the brake cylinder 1 0 is reduced by the master cylinder 14. 
[0122] In either case. S511 and the following steps are subsequently implemented, so that the inflow control valve 
324 is opened only where the reservoir 132 does not store the fluid that can be pumped up by the pump 16. 
[0123] It is noted that the present embodiment advantageously permit the use of the pump 16 and pump motor 114 
having reduced capacities, since the fluid can be supplied from the master cylinder 14 directly to the suction side of the 

15 pump 16 without the fluid being once accommodated in the reservoir 132, during the braking effect characteristic con- 
trol, and since the pump 16 and the master cylinder 14 are disconnected from each other during the anti-lock brake 
pressure control operation so that the delivery pressure of the pump 16 need not be higher than the master cylinder 
pressure when the fluid is returned by the pump 16 to the primary passage 300. 

[01 24] It is also noted that although all of the embodiments which have been described are adapted to effect the brak- 
20 ing effect characteristic control or BA control in the presence of the booster, the braking effect characteristic control or 
the BA control can be effected in the absence of the booster. 

[01 25] It will be understood from the above explanation of the present embodiment that the first through third solenoid- 
operated valves 310. 312, 316 correspond to an "electromagnetic fluid pressure control device", and that the first 
through third solenoid-operated valves 310, 312. 316. the reservoir 132 and a portion of the ECU 330 assigned to effect 
25 the anti-lock brake pressure control correspond to an "automatic fluid pressure control device", while a portion of the 
ECU 330 assigned to implement steps S503 through S51 7 of Fig. 28 corresponds to an "automatic magnetic force con- 
trol device". 

[0126] Then, there will be described an eighth embodiment of this invention. 

[0127] Fig. 29 shows an electrical arrangement of the present embodiment. The present embodiment is identical in 
30 the mechanical arrangement with the first embodiment, but Is different therefrom in the electrical arrangement. - 

[0128] As shown in the figure, the present embodiment is not provided with the master cylinder pressure sensor 80, 
unlike the first embodiment. A ROM of a computer of an ECU 340 stores a braking effect characteristic control routine 
illustrated in the flow chart of Fig. 30. The braking effect characteristic control according to this routine is to control the 
pump 16 in relation to the vehicle body deceleration value G as a brake-operating-force-related quantity. . v 

35 [0129] Described in detail. S551 is initially implemented to calculate the vehicle body deceleration value G. Jnxthe 

present embodiment, an estimated vehicle speed is calculated on the basis of the rotating speed of each wheel i 
detected by the wheel speed sensors 112 during execution of the anti-lock brake pressure control routine. In S551 . the j 
vehicle body deceleration value G is calculated as a time derivative of that estimated vehicle speed. Fig. 31 is a func- ^ 
tional block diagram showing a process in which the wheel speeds are first detected and the vehicle body deceleration 
40 value G is eventually calculated. The output of the wheel speed sensor 1 12 for each wheel is connected to the input of 
estimated vehicle speed calculating means 346, and the output of this estimated vehicle speed calculating means 346 
is connected to the input of vehicle deceleration calculating means 348. A portion of the ECU 340 assigned to imple- 
ment S551 corresponds to the vehicle deceleration calculating means 348. 

[0130] Then, S552 is implemented to determine whether the the boosting limit of the booster 30 has been reached. 

45 more specifically whether the vehicle body deceleration value G has exceeded a reference value Gq which is expected 
to be established when the booting limit of the booster 30 has been reached. If the vehicle body deceleration value G 
has not exceeded the reference value Gq in this control cycle, a negative decision (NO) is obtained, and the control flow 
goes to S553 in which a processing to terminate the brake pressure increase control. Described in detail, a signal for 
de-energizing the solenoid 74 of the pressure control valve 30 is generated as in S3 of Fig. 5, and a signal for turning 

50 off the pump motor 1 1 4 is generated. If the vehicle body deceleration value G has exceeded the reference value Gq, an 
affirmative decision (YES) is obtained in S552, and the control flow goes to S554 to effect the brake pressure increase 
control. Described in detail, the desired pressure difference aP is calculated on the basis of the vehicle body decelera- 
tion value G (used as a value corresponding to the master cylinder pressure P^). the solenoid electric current I is cal- 
culated on the basis of the desired pressure difference aP, the solenoid 74 of the pressure control valve 30 is de- 

55 energized, and the pump motor 1 14 is turned off, as in S4-S7 of Fig. 4. In either case, one cycle of execution of the 
present routine is terminated. 

[0131] It will be understood from the above explanation of the present embodiment that the "brake-operating-force- 
related quantity sensor" is provided not as an exclusive hardware element, but is provided as a software element in the 
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form of the vehicle deceleration calculating means 348. Further, a determination as to whether the brake pressure 
increase control is required or not is effected on the basis of the vehicle body deceleration value G. 
[01 32] Accordingly, the present embodiment wherein the pump 1 6 is controlled In relation to the brake operating force 
is advantageously capable of increasing the brake pressure while avoiding increase in the size and cost of manufacture 

5 of the braking system, without adding an exclusive sensor for detecting a quantity relating to the brake operating force. 
[0133] It will be understood fro the above explanation of the present embodiment that the vehicle deceleration calcu- 
lating means 348 is an example of a "brake-operating-force-related quantity sensor", while a portion of the ECU 340 
assigned to implement step S552 of Fig. 30 corresponds to a "hydraulic pressure source control device", "predeter- 
mined-operated-state control means**, "post-boostlng-limit control means" and "post-predetermined-value control 

10 value". 

[01 34] There will next be described a ninth embodiment of this invention. 

[0135] Fig. 32 shows an electrical arrangement of the present embodiment. This embodiment is identical in the 
mechanical arrangement with the first embodiment, but is different therefrom in the electrical arrangement, of this inven- 
tion. 

15 [01 36] As shown in Fig. 32, the present embodiment is provided with a brake switch 350. unlike the first embodiment. 
The brake switch 350 detects an operation of the brake pedal 32, and generates a brake operating signal indicating 
whether the brake operating member has been operated. In the present embodiment, the brake operating signal is in 
an ON state when the brake operating member is in operation, and in an OFF state when the brake operating member 
is not in operation. That is, the brake switch 350 is an example of a "brake operation sensor", which is an example of a 

20 "brake-operating-force-related quantity sensor". A ROM of a computer of an ECU 352 stores a braking effect character- 
istic control routine illustrated in the flow chart of Fig. 38. The braking effect characteristic control executed according 
to this routine is to control the pump 16 in relation to the master cylinder pressure Pm, the operation or non-operation 
of the brake operating member and the vehicle body deceleration value G. 

[0137] Described in detail, S601 is initially implemented to determine whether the master cylinder pressure sensor 

25 80 is in a normal state. For example, this determination is made by determining whether the master cylinder pressure 
sensor 80 suffers from electrical disconnection or short-circuiting. If none of these defects is detected, the master cyl- 
inder pressure sensor 80 is determined to be normal. If the master cylinder pressure sensor 80 is normal in this control 
cycle, an affirmative decision (YES) is obtained, and the control flow goes to S602 to read the master cylinder pressure 
signal received from the master cylinder pressure sensor 80, and then S703 to determine whether the boosting limit of 

30 the booster 30 has been reached, more specifically, whether the master cylinder pressure represented by the mas- 
ter cylinder pressure signal has exceeded the reference value P^o which is expected to be established when the boost- 
ing limit of the booster 30 has been reached. If the master cylinder pressure P^ has not exceeded the reference value 
Pmo this control cycle, a negative decision (NO) is obtained in S603, and the control flow goes to S604 in which a 
processing to terminate the brake pressure increase control is effected. If the master cylinder pressure P^ has 

35 exceeded the reference value Pmo. an affirmative decision (YES) is obtained in S603, and the control flow goes to S605 
to effect the brake pressure increase control. Described in detail, the desired pressure difference aP is calculated on 
the basis of the master cylinder pressure P|^, the solenoid electric current I is calculated, the solenoid 74 of the pressure 
control valve 30 is controlled, and the pump motor 114 is turned off, as in S4-S7 of Fig. 4 In either case, one cycle of 
execution of the present routine is terminated. 

40 [01 38] While the operation where the master cylinder pressure sensor 80 is in the normal state has been described, 
a negative decision (NO) is obtained in S601 if the master cylinder pressure sensor 80 is not in the normal state. In this 
case, S606 is implemented to calculate the vehicle body deceleration value G as in S551 of Fig. 30. Then, S607 is 
implemented to determine whether the brake switch 350 is on or not, that is. whether the brake operating member is in 
operation. If the brake switch 350 is not on in this control cycle, a negative decision (NO) is obtained, and the control 

45 flow goes to S608 in which the processing to terminate the brake pressure increase control is effected. If the brake 
switch 350 is on. on the other hand, an affirmative decision (YES) is obtained in S607, and the control flow goes to S609 
to determine whether the vehicle body deceleration value G has exceeded the reference value Gq. In the present 
embodiment, the reference value Gq is determined to be a vehicle body deceleration value G which is expected to be 
established when the boosting limit of the booster 30 has been reached. That is. the present embodiment is adapted 

50 such that S609 is functionally substituted for S703 in the event the master cylinder pressure sensor 80 is defective. If 
the vehicle deceleration value G has not exceeded the reference value Gq in the present control cycle, a negative deci- 
sion (NO) is obtained, and the control flow goes to S608 in which a processing to terminate the brake pressure control 
is effected. If vehicle deceleration value G has exceeded the reference value Gq in the present control cycle, an affirm- 
ative decision (YES) is obtained, and the control flow goes to S610 to effect the brake pressure increase control. In 

55 either case, one cycle of execution of the present routine is terminated. 

[01 39] It will be understood from the above explanation of the present embodiment that the master cylinder pressure 
sensor 80 and the brake switch 350 are provided as the "brake-operating-force-related quantity sensor", and that the 
determination as to whether the brake pressure increase control is required is made on the basis of the master cylinder 
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pressure where the master cylinder pressure sensor 80 is normal, and on the basis of both the operation or non- 
operation of the brake operating member and the vehicle body deceleration value G where the master cylinder pressure 
sensor 80 is defective. 

[0140] Accordingly, the present embodiment is capable of accurately determination as to whether the brake pressure 
5 Increase control is required, even when the master cylinder pressure sensor 80 is defective, and assures improved 
operating reliability of the braking system. 

[0141] It will be understood from the above explanation of the present embodiment that a portion of the ECU 352 
assigned to implement steps S601<S603, S606 and S609 corresponds to a "fail-safe means'*, while the vehicle decel- 
eration calculating means 348 corresponds to a "vehicle deceleration sensor". 
10 [0142] Then, a tenth embodiment of this invention will be described. 

[0143] Fig. 34 shows an electrical arrangement of the present embodiment. The present embodiment is different from 
the ninth embodiment of Rgs. 32 and 33, in the braking effect characteristic control routine. The braking effect charac- 
teristic control routine is stored in a ROM of a computer of an ECU 360. 

[0144] The braking effect characteristic control routine is illustrated in the flow chart of Fig. 35. This routine is initiated 

75 with S701 to read the master cylinder pressure signal received from the master cylinder pressure sensor 80. Then, 
S702 is implemented to determine whether the boosting limit of the booster 30 has been reached, that is. whether the 
master cylinder pressure has exceeded the reference value P^o described above. If the master cylinder pressure 
Pm has not exceeded the reference value P^o this control cycle, a negative decision (NO) is obtained, and the control 
flow goes to S703 in which the processing to terminate the brake pressure increase control is effected. Thus, one cycle 

20 of execution of the present routine is terminated. 

[0145] If the master cylinder pressure has exceeded the reference value P^q in this control cycle, an affirmative 
decision (YES) is obtained in S702, and the control flow goes to S704 to determine whether the brake switch 350 is in 
a normal state or not. This determination is effected in a manner similar to that specifically described with respect to 
S601 of Fig. 33. If the brake switch 350 is in the normal state in this control cycle, an affirmative decision (YES) is , 

25 obtained, and the control flow goes to S705 to determine whether the brake switch 350 is on or not. If the brake switch 
350 is not on In this control cycle, a negative decision (NO) is obtained, and the control flow goes to S703. If therbrake 
switch 350 is on in this control cycle, an affirmative decision (YES) is obtained, and the control flow goes to S706 to ; 
effect the brake pressure increase control. * 
[0146] If the brake switch 350 is not in the normal state in this control cycle, a negative decision (NO) is obtained in 

30 S704. and the control flow goes to S707 to calculate the vehicle body deceleration value G as in 8707 of Fig. 30.'Jhen. - - 

8708 is implemented to determine whether the vehicle body deceleration value G has exceeded the reference value 5 
Gq. In this embodiment, the reference value Gq is determined to be a vehicle body deceleration value G which is : . . 

expected to be established during operation of the brake operating member. For example, the reference value^Go is 
determined to be 0.3G. It will be understood that the present embodiment is adapted such that 8708 is functionally sub- t 

35 stituted for 8705 when the brake switch 300 is defective. If the vehicle body deceleration value G has not exceeded the 

reference value Gq in this control cycle, a negative decision (NO) is obtained, and the control flow goes to S703 in which ^ 
the processing to terminate the brake pressure increase control is effected. If the vehicle body deceleration value G has k 
exceeded the reference value Gq in this control cycle, an affirmative decision (YES) is obtained, and the control flow 
goes to 8706 to effect the brake pressure increase control. IN either case, one cycle of execution of the present routine 

40 is terminated. *. 
[0147] It will be understood from the above explanation of the present embodiment that the master cylinder pressure ^ 
sensor 80, the brake switch 350 and the above-indicated vehicle deceleration calculating means 348 are provided as 
the "brake-operating-force-related quantity sensor", and that the determination as to whether the brake pressure 
increase control is required is made on the basis of the master cylinder pressure P^ and the operation or non-operation 

45 of the brake operating member where the brake switch 350 is in the normal state, and on the basis of the master cylin- 
der pressure P^ and the vehicle body deceleration value G. 

[0148] Accordingly, the present embodiment is capable of accurate determination as to whether the brake pressure 
increase control is required, even when the brake switch 350 is defective, and assures improved operating reliability of 
the braking system. 

50 [0149] it will be understood from the above explanation of the present embodiment that a portion of the ECU 360 
assigned to implement steps 8704. 8705 and 8708 corresponds to "fail-safe means", while the vehicle deceleration cal- 
culating means 348 corresponds to a "vehicle deceleration sensor". 
[0150] Then, an eleventh embodiment of this invention will be described. 

[01 51 ] Fig. 36 shows an electrical arrangement of this embodiment. This embodiment is different from the first embod- 
55 iment shown in Figs. 2-10. only in the braking effect characteristic control routine. This braking effect characteristic con- 
trol routine is stored in a ROM of an ECU 380. 

[0152] The braking effect characteristic control routine is illustrated in the flow chart of Fig. 37. The routine is initiated 
with 8801 to read the master cylinder pressure signal received from the master cylinder pressure sensor 80. Then, 
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8802 is implemented to read an estimated vehicle speed received from the estimated vehicle speed calculating means 
346 as the vehicle speed V. Then, S803 is implemented to determine whether the vehicle is in a stationary state. For 
instance, the vehicle is determined to be in a stationary state if the vehicle speed V is lower than a predetermined value 
(e.g.. 5km/h), or if the vehicle speed V is lower than the predetermined value and if the absolute value of the vehicle 

5 body deceleration or acceleration is smaller than a predetermined value. The vehicle body deceleration or acceleration 
can be obtained as a time derivative of the vehicle speed V. If the vehicle is not in a stationary state in this control cycle, 
a negative decision (NO) is obtained, and the control flow goes to 3804 in which the reference value Pmo of the master 
cylinder pressure above which the brake pressure increase control is effected is set to a predetermined value A. If 
the vehicle is in the stationary state in this control cycle, on the other hand, an affirmative decision (YES) is obtained. 

10 and the control flow to to S805 in which the reference value P^o set to a predetermined value B. The predetermined 
value A is equal to the reference value P^o used in the first embodiment, while the predetermined value B is larger than 
the predetermined value A. as indicated in the graph of Fig. 38. Accordingly, the reference value P^o is set to be larger 
when the vehicle is in the stationary state than when the vehicle is not in the stationary state, so that the master cylinder 
pressure Pm is less likely to exceed the reference value Pmo when the vehicle is in the stationary state than when the 

15 vehicle is not in the stationary state, whereby the brake pressure increase control is less likely to be initiated when the 
vehicle is in the stationary state. 

[0153] In either case, S806 is subsequently implemented to determine whether the master cylinder pressure Pm has 
exceeded the reference value Pmo- the master cylinder pressure Pm has not exceeded the reference value Pmo this 
control cycle, a negative decision (NO) is obtained, and the control flow goes to S807 in which the processing to termi- 
te? nate the brake pressure increase control is effected. If the master cylinder pressure Pm has exceeded the reference 
value Pmo ii^ t^is control cycle, an affirmative decision (YES) is obtained, and the control flow goes to S808 to effect the 
brake pressure increase control. In either case, one cycle of execution of the present routine is terminated. 
[0154] Accordingly, the present embodiment wherein the brake pressure increase control is less likely to be initiated 
when the vehicle is in a stationary state is adapted to avoid generation of operating noises of the pump 16, pump motor 
25 114. etc. when the vehicle is in the stationary state in which the operating noises are more likely to be perceived. Thus, 
the present embodiment has an advantage of reduced noise in the vehicle. 

[01 55] It is also noted that the present embodiment is adapted such that the pump 1 6 receives the fluid which is deliv- 
ered from the master cylinder 14 after activation of the pump 16. In this arrangement, the operated position of the brake 
pedal 32 tends to be lowered while the force of operation of the brake pedal 32 by the vehicle operator is kept constant. 
30 However, the present embodiment wherein the pump 1 6 is less likely to be activated in the stationary state of the vehicle 
makes it possible to avoid such lowering of the operated position of the brake pedal 32, thereby preventing deterioration 
of operating feel of the brake operating member. 

[0156] It will be understood from the above explanation of the present embodiment that a portion of the ECU 380 
assigned to implement steps S802 and 8803 of Fig. 37 corresponds to "vehicle stationary state detecting means", while 
35 a portion of the ECU 380 assigned to selectively implement step S804 and 8805 corresponds to "operation initiation 
control means" and "reference value determining means". 
[0157] Then, a twelfth embodiment of this invention will be described. 

[0158] Fig. 39 shows a general arrangement of the present embodiment. This embodiment is provided with a '1luid 
flow control device" and a "pressure changing device" which are different from those in all of the preceding embodi- 
40 ments. In the other aspects, the present embodiment is identical in the mechanical and electrical arrangements with all 
of the preceding embodiments. 

[0159] The present embodiment is provided with a solenoid-operated valve 400 which is disposed in the primary pas- 
sage 1 8 and which has a solenoid that generates a magnetic force based on an electric current applied thereto for ener- 
gization. The solenoid-operated valve 400 has a first state and a second state which are selectively established 

45 depending upon the magnetic force generated by the solenoid. The solenoid -operated valve 400 placed in the first state 
permits flows of the fluid in opposite directions between the master cylinder 1 4 and the brake cylinder 1 0. The solenoid- 
operated valve 400 placed in the second state inhibits at least a flow of the fluid in the direction from the brake cylinder 
10 toward the master cylinder 14. The present embodiment is further provided with a control circuit 502 for controlling 
the electric current to be applied to the solenoid of the solenoid-operated valve 400. The control circuit 502 is adapted 

50 to control the duty ratio of the electric current to be applied to the solenoid so that a distribution of the fluid from the 
pump 16 as the hydraulic pressure source to the master cylinder 14 and the brake cylinder 10 is controlled so that the 
fluid pressure difference between the master cylinder 14 and the brake cylinder 10 coincides with a desired value. 
[0160] In the present embodiment described above, the solenoid-operated valve 400 is an example of a "fluid flow 
control valve:, while the control circuit 402 is an exanrple of a "pressure changing device". 

55 [0161 ] Then, a thirteenth embodiment of this invention will be described. 

[0162] Fig. 40 shows a general arrangement of the present embodiment. This embodiment is provided with a "fluid 
flow control device" and a "pressure changing device", which are different from those in the twelfth embodiment 
described above. 
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[0163] The present embodiment is provided with the solenoid-operated valve 400 described above, and is further pro- 
vided with a control circuit 410 for controlling the solenoid-operated valve 400. The control circuit 410 is adapted to con- 
trol the duty ratio of the electric current to be applied to the pump motor 114 so that the fluid pressure difference 
between the master cylinder 14 and the brake cylinder 10 coincides with a desired value, while holding the solenoid- 
5 operated valve 400 in the state for inhibiting the fluid flow from the brake cylinder 10 toward the master cylinder 14. 
[0164] In the present embodiment described above, the solenoid-operated value 400 is another example of the "fluid 
flow control device, while the control circuit 410 is another example of the "pressure changing device". 
[0165] Then, a fourteenth embodiment of this invention will be described. 

[0166] Fig. 41 shows a general arrangement of this embodiment. This embodiment is provided with a 'llow control 

10 device" and a "pressure changing device" which are different from those in the twelfth embodiment described above. 
[0167] The present embodiment is provided with a first solenoid-operated valve 418 similar to the above-described 
solenoid-operated valve. The present embodiment is further provided with a second solenoid-operated valve 420 which 
is connected to the suction side of the ump 16 and which has a solenoid that generates a magnetic force based on an 
electric current applied thereto for energization. The second solenoid-operated valve 420 has states for respectively 

IS permitting and inhibiting a fluid flow into the pump 1 6, which states are selectively established depending upon the mag- 
netic force of the solenoid. Further, the present embodiment is provided with a control circuit 422 for controlling those 
first and second solenoid-operated valves 418, 420. The control circuit 422 is adapted to control the duty ratio of the 
electric control to be applied to the solenoid of the second solenoid-operated valve 520, so as to control the fluid suction 
amount of the pump 1 6 and thereby control the fluid delivery amount of the pump 1 6 so that the fluid pressure difference 

20 between the master cylinder 14 and the brake cylinder 10 coincides with a desired value, while holding the first sole- 
noid-operated valve 418 in its state for inhibiting the fluid flow from the brake cylinder 10 toward the master cylinder 14. 
[0168] In the present embodiment described above, the first solenoid-operated valve 418 is a further example of the 
"fluid flow control device", while the second solenoid-operated valve 420 and the control circuit 422 cooperate to con- 
stitute a further example of the "pressure changing device". 

25 [0169] It is noted that the inflow control valve 138 in each of the preceding embodiments of Figs. 10. 18. 23 and 26 
may be used as the above-indicated second solenoid-operated valve 420, so that the duty ratio of the inflow*control 
valve 138 is controlled so as to effect the pressure increase control of the brake cylinder 10. as in the present embodi- 
ment. 

[0170] Then, a fifteenth embodiment of this invention will be described. ^: 

30 [0171] Fig. 47 schematically shows a general arrangement of this embodiment. This braking system has the master 
cylinder 1 4 as a hydraulic pressure source for the brake cylinder 1 0 for applying a brake to restrain rotation of the vehicle 
wheel. Between the master cylinder 14 and the brake pedal 32 as the brake operating member, there is connected a 
vacuum booster 51 7. The master cylinder 1 4 and the brake cylinder 1 0 are connected to each other by the primary pas- 
sage 18. The primary passage 18 is connected to the delivery side of the pump 16 through the auxiliary passage 20. 

35 The above-indicated pressure control valve 22 is connected to a portion of the primary passage 1 8 between the master 
cylinder 14 and a point of connection of the auxiliary passage 20 to the primary passage 18. As described above, the 
pressure control valve 22 permits flows of a working fluid between the master cylinder 14 and the brake cylinder 10 in 
opposite directions when the pump 16 is not in operation, and permits the fluid received from the pump 16. to be 
returned to the master cylinder 14 when the pump 14 is in operation, such that the delivery pressure of the pump 16 

40 varies depending upon the hydraulic pressure in the master cylinder 14. An electronic control unit (hereinafter abbrevi- 
ated as "ECU") 522 is provided for the pump 16. The ECU 522 activates the pump 16 based on output signals of 
booster-pressure-related quantity detecting means 523 and master-cylinder-pressure-related detecting means 524. 
when the fluid pressure generated in the brake cylinder 10 is required to be higher than the fluid pressure in the master 
cylinder 14 during a brake operation by the vehicle operator. 

45 [0172] In Fig. 48. there is shown a mechanical arrangement of the present embodiment. The braking system of the 
present embodiment is a diagonal type system having two braking sub-systems adapted for use on a four-wheel vehi- 
cle. This braking system has an anti-lock control function for performing an anti-lock brake pressure control operation 
in which the pump 16 is operated to circulate the working fluid in the brake circuit. Further, the present emlDOdiment is 
arranged to implement a braking effect characteristic control utilizing the pump 16. during operation of the braking sys-. 

50 tem. As described above, the braking effect characteristic control is implemented, in view of the vacuum booster 517 
having a boosting limit, to control the braking effect characteristic, namely, a relationship between the brake operating 
force F (by which the vehicle operator depresses the brake pedal 32) artd the deceleration value G of the vehicle body, 
so that the vehicle deceleration value G increases with the brake operating force F, at an ideal rate (for example, at a 
substantially constant rate, both before and after the boosting limit of the vacuum booster 517 has been reached). 

55 [01 73] As shown in Fig. 48. the master cylinder 1 4 is a tandem type having two pressurizing pistons 1 4a, 1 4b slidably 
disposed in series with each other in a housing, so as to form two mutually independent pressurizing chambers in front 
of the respective pressurizing pistons. This master cylinder 14 is linked through the vacuum booster 517 to the brake 
pedal 32. The brake operating force F in the form of the depression force acting on the brake pedal 32 is boosted by the 
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vacuum booster 517 and transmitted to the pressurizing piston 14a, which is one of the two pressurizing pistons 14a, 
14b that is located on the side of the vacuum booster 517. 

[01 74] As shown in Fig. 49. the vacuum booster 517 has a hollow housing 525. The interior space within the housing 
525 is divided by a power piston 526 into a negative pressure chamber 526 on the side of the master cylinder 14 and a 

5 pressure changing chamber 528 on the side of the brake pedal 32. The negative pressure chamber 526 is held in com- 
munication with the intake pipe of the engine as a negative pressure source. The power piston 526 is linked, through a 
reaction disc 529 made of a rubber material, with a booster piston rod 530 disposed on the side of the master cylinder 
1 4. The booster piston rod 530 is linked with the pressurizing piston 1 4a of the master cylinder 1 4, so as to transmit the 
operating force of the power piston 526 to the. pressurizing piston 14a. 

10 [01 75] A valve mechanism 531 is disposed between the negative pressure chamber 527 and the pressure changing 
chamber 528. The valve mechanism 531 is operated based on a relative movement between the power piston 526 and 
a valve operating rod 532 linked with the brake pedal 32. The valve mechanism 531 Is provided with a control valve 
531a. an air valve 531b. a vacuum valve 531c and a control valve spring 531d. The air valve 531b cooperates with the 
control valve 531a to selectively connect or disconnect the pressure changing chamber 528 to or from the atmosphere. 

15 The air valve 531b is adapted to be movable integrally with the valve operating rod 532. The control valve 531a is 
attached to the valve operating rod 532 such that the control valve 531a is biased by the control valve spring 531d in a 
direction for seating onto the air valve 531b. The vacuum valve 531c cooperates with the control valve 531a to selec- 
tively connect or disconnect the pressure changing chamber 526 to or from the negative pressure chamber 527, and is 
adapted to be movable integrally with the power piston 526. 

20 [0176] When the thus constructed vacuum booster 51 7 is not in operation, the control valve 531a is seated on the air 
vatve 531 b and spaced apart from the vacuum valve 531 c. so that the pressure changing chamber 527 is disconnected 
from the atmosphere and is connected to the negative pressure chamber 527. In this state, the negative pressure 
chamber 526 and the pressure changing chamber 528 both have the same negative pressure (not higher than the 
atmospheric pressure). When the vacuum booster 517 is in operation, on the other hand, the valve operating rod 532 

25 is moved toward the power piston 526. and the control valve 531a is eventually seated onto the vacuum valve 531c, so 
that the pressure changing chamber 528 is disconnected from the negative pressure chamber 527. When the valve 
operating rod 532 is subsequently moved a further distance toward the power piston 526, the air valve 531b is spaced 
apart from the control valve 531 a, whereby the pressure changing chamber 528 is connected to the atmosphere. In this 
state, the pressure in the pressure changing chamber 528 is raised, and there arises a pressure difference between the 

30 negative pressure chamber 527 and the pressure changing chamber 528, so that the power piston 529 is operated by 
the pressure difference. 

[0177] As shown in Fig. 48, one of the two pressurizing chambers of the master cylinder 14 is connected to the first 
braking sub-system for the front left wheel FL and the rear right wheel RR. while the other pressurizing chamber is con- 
nected to the second braking sub-system for the front right wheel FR and the rear left wheel RL. Since these braking 
35 sub-systems are identical in construction with each other, only the first braking sub-system will be described by way of 
example, and a description of the second braking sub-system will not be provided. Since the first and second braking 
sub-systems are basically identical with those in the first embodiment, the same reference signs will used for the same 
elements in the following description. 

[0178] In the first braking sub-system, the master cylinder 14 is connected through the primary passage 18 to the 
40 brake cylinder 10 for the front left wheel FL and the brake cylinder 10 for the rear right wheel RR. as in the first embod- 
iment. The primary passage 18 extending from the master cylinder 14 is branched at the end of the single main pas- 
sage 34, into the two branch passages 36 connected to the main passage 34. Each branch passage 36 is connected 
at its end to the corresponding brake cylinder 10. The pressure increasing valve 40 in the form of a normally-open sole- 
noid-operated shut-off valve is provided in each of the branch passages 36. When the pressure increasing valve 40 is 
45 open or placed in a pressure-increasing state, the pressure increasing valve 40 permits a flow of the working fluid from 
the master cylinder 14 toward the brake cylinder 10. The by-pass passage 42 is connected to each pressure increasing 
valve 40. and the check valve 44 is provided in the by-pass passage 42, to permit the fluid to flow from the brake cylinder 
1 0 toward the master cylinder 1 4. The resen/oir passage 46 Is connected at one end thereof to a portion of each branch 
passage 36 between the pressure increasing valve 40 and the brake cylinder 10. and at the other end to the reservoir 
50 1 32 (which is the same as used in the second embodiment). The pressure reducing valve 50 in the form of a normally- 
closed solenoid-operated shut-off valve is provided in each reservoir passage 46. When the pressure reducing valve 50 
is open or placed in a pressure-reducing state, the pressure reducing valve 50 permits a flow of the fluid from the brake 
cylinder 10 toward the reservoir 132. 

[0179] The reservoir 132 is connected by the pump passage 60 to the suction side of the pump 16. The suction valve 
55 62 which is a check valve is connected to the suction side of the pump 1 6, while the delivery valve 64 which is a check 
valve is connected to the delivery side of the pump 1 6. In the auxiliary passage connecting the delivery side of the pump 
1 6 and the primary passage 1 8. there are provided the orifice 66 as a throttle and the fixed damper 68, so that pressure 
pulsations of the pump 16 are reduced by the orifice 66 and fixed damper 68. 



50 

BNSDOCID: <EP ^0928730A1J_> 



EP 0 928 730 A1 



[0180] The pressure control valve 20 described above is provided with the by-pass passage 82 in which the check 
valve 84 is provided. The by-pass passage 82 is provided to permit a flow of the fluid from the master cylinder 1 4 toward 
the brake cylinders 1 0. even if the pressure control valve 22 is closed, by any chance, due to the force of the fluid acting 
on the movable member in the pressure control valve 22 upon depression of the brake pedal 32. The pressure control 
5 valve 22 is further provided with a relief valve 86 connected in parallel therewith, in order to prevent an excessive rise 
of the delivery pressure of the pump 16. 

[0181] Like the second embodiment, the present embodiment has the fluid supply passage 130 which extends from 
a portion of the main passage 34 between the master cylinder 14 and the pressure control valve 22, to the reservoir 
1 32. This fluid supply passage 1 30 is provided with the inflow control valve 1 38. The inflow control valve 1 38 is opened 

10 when it is necessary to feed the fluid from the master cylinder 14 to the reservoir 132. The inflow control valve 138 
placed in the open state permits a flow of the fluid from the master cylinder 14 to the reservoir 132. When it is not nec- 
essary to feed the fluid from the master cylinder 14 to the reservoir 132, the inflow control valve 138 is closed, to inhibit 
the flow of the fluid from the master cylinder 14 to the reservoir 48. making it possible to raise the hydraulic pressure in 
the master cylinder 14. In the present embodiment, too, the inflow control valve 138 is a normally closed solenoid-oper- 

15 ated valve, and the determination as to whether the working fluid is required to be supplied from the master cylinder 14 
to the reservoir 132 is effected by determining whether the working fluid that can be pumped up by the pump is present 
in the reservoir 132 during an anti-lock brake pressure control operation. To this end, the amount of the working fluid 
left in the reservoir 132 is estimated on the basis of the cumulative pressure increasing time during which the pressure 
increasing valve 40 is placed in the pressure increasing state and the cumulative pressure reducing time during which 

20 the pressure reducing valve 50 is placed in the pressure reducing state. 

[0182] Like the second embodiment, the present embodiment has the check valve 134 disposed in a portion of the 

pump passage 60 between the points of connection to the fluid supply passage 130 and the reservoir passage 46. The 

check valve 134 inhibits a flow of the fluid from the fluid supply passage 130 toward the reservoir 132, and permits a ^ 

flow of the fluid in the opposite direction. 

25 [0183] There is shown in Fig. 50 an electrical arrangement of the present embodiment. The above-indicated ECU 522 
is constituted principally by a computer including a CPU. a ROM and a RAM. A braking effect characteristic control rou- 
tine and an anti-lock brake pressure control routine which are stored in the ROM are executed by the CPU while utilizing 
the RAM, to implement the braking effect characteristic control and the anti-lock brake pressure control. 

[0184] To the input side of the ECU 522. there are connected the above-indicated brake switch 250, a booster nega- r 
30 tive pressure switch (an example of the booster-pressure-related quantity detecting means 523), the above-indicated ^ 
master cylinder pressure sensor 80 (an example of the master-cylinder-pressure-related detecting means 524), and the 
above-indicated wheel speed sensors 112. 

[0185] The booster negative pressure switch 534 is attached to the vacuum booster 51 7, and is subjected to a pres- 
sure Pv in the pressure changing chamber 528. When the pressure Pv in the pressure changing chamber 528 is lower ^ - , 

35 than a reference value Pvo lower than an atmospheric pressure Patm. ^he booster negative pressure switch 534 gener- 
ates a booster negative pressure signal (a first signal) indicative of an OFF state, as indicated in the graph of Fig. 51 . 
When the pressure Py is equal to or higher than the reference value Pvo. the booster negative pressure switch'534 gen- t/j^ 
erates a booster positive pressure signal (a second signal) indicative of an ON state. It will be understood that the 
booster negative pressure switch 534 is an example of "pressure-changing-chamber-pressure-related quantity detect- ^ 

40 ing means", and an example of a "pressure switch" which operates in response to the pressure Py in the pressure . ^ 

changing chamber 528. 

[0186] To the output side of the ECU 522. there is connected the pump motor 1 14. as indicated in Fig. 50, so that the 
motor drive signal is applied to the driver circuit of the pump motor 1 14 To the output side of the ECU 522. there are 
also connected the solenoid 74 of the above-indicated pressure control valve 22. and the solenoids 1 1 6 of the pressure 
45 increasing valve 40 and pressure reducing valve 50. The ECU 522 applies a current control signal to the solenoid 74 of 
the pressure control valve 20. for linearly controlling the magnetic force of the solenoid 74. On the other hand, the ECU 
522 applies an ON/OFF drive signal to the solenoids 1 16 of the pressure Increasing valve 40 and pressure reducing 
valve 50. for energizing and de-energizing the solenoids 116. 

[0187] There will be explained a braking effect characteristic control using the pressure control valve 22, which is 

50 effected by the ECU 522. First, this control will be briefly explained. 

[0188] The boosting limit of the vacuum booster 51 7 is reached when the pressure Py in the pressure changing cham- 
ber 528 has been raised to the atmospheric pressure Patm as a result of an increase of the brake operating force F to 
a certain value. After the boosting limit has been reached, the brake operating force F cannot be boosted by the vacuum 
booster 517. Where any suitable measure is not taken in this connection, the braking effect, that is. the brake cylinder 

55 pressure Pb corresponding to the brake operating force F higher than the boosting limit is lower than the value accord- 
ing to the relationship between the brake operating force F and the braking pressure Pb. which relationship would be 
maintained in the absence of the boosting limit, as indicated in the graph of Fig. 52, In the light of this fact, the braking 
effect characteristic control is implemented. Described in detail, the pump 16 is activated after the boosting limit of the 
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vacuum booster 517 has been reached, so that the fluid pressure generated in the brake cylinder 10 is higher than the 
master cylinder pressure P|vi by a pressure difference aP. as indicated in the graph of Fig. 53, so as to stabilize the brak- 
ing effect irrespective of whether the boosting limit of the vacuum booster 51 7 has been reached or not An example of 
the relationship between the pressure difference AP and the master cylinder pressure P^ is indicated in the graph of 
5 Fig. 54. 

[0189] To effect the braking effect characteristic control, therefore, it is necessary to determine whether the boosting 
limit of the vacuum booster 51 7 has been reached. However, the brake operating force F and the master cylinder pres- 
sure Pm when the boosting limit of the vacuum booster 517 has been reached are not always constant, but vary 
depending upon the condition of the motor vehicle, for instance, changes with a change in pressure P^ in the negative 

10 pressure chamber 527, which change takes place depending upon whether an operation to accelerate the vehicle has 
been performed by the vehicle operator, and depending upon the acceleration value and the engine load. Described in 
detail, the brake operating force F and the master cylinder pressure P|vi when the boosting limit of the vacuum booster 
51 7 has been reached become larger and higher than normal values if the pressure Pq in the negative pressure cham- 
ber 527 changes from a normal value to a relatively low value in the negative direction (so as to increase a difference 

15 from the atmospheric pressure), and become smaller and lower than the normal values if the pressure Pq changes from 
the normal value to a relatively high value in the positive direction (so as to reduce the difference from the atmospheric 
pressure), as indicated in the graph of Fig. 55. If the determination that the boosting limit of the vacuum booster 51 7 
has been reached is made when the brake operating force F and the master cylinder pressure P^ have increased to 
predetermined values, without taking into account the change in the pressure Pc in the negative pressure chamber 527, 

20 the resulting activation of the pump 16 to increase the brake cylinder pressure Pb by an amount of the pressure differ- 
ence aP will result in a variation in the brake cylinder pressure Pb for the same value of the brake operating force F, 
depending upon the change in the pressure Pc in the negative pressure chamber 527, as indicated in the graph of Fig. 
56. In this case, the braking effect is not stable. 

[0190] In a force transmitting system whose major portion consists of the brake pedal 32. vacuum booster 517 and 
25 master cylinder 14, a relationship represented by the following equation (1) is satisfied among the brake operating force, 
the master cylinder pressure P^ and a booster negative pressure Pvb which is a pressure difference between the neg- 
ative pressure chamber 527 and the pressure changing chamber 528: 

^M^^M^^VB^^VB + ^P^^ 

30 

where. 

Ay: effective pressure-receiving area of the pressurizing pistons 14a, 14b of the master cylinder 14, 
Avb: effective pressure-receiving area of the power piston 526 of the vacuum booster 51 7, 
35 Rp: ratio of a force received by the vacuum booster 51 7 to the brake operating force F (boosting ratio (lever ratio) 
of a brake operating mechanism including the brake pedal 32). 

[0191] Suppose the master cylinder pressure P^ and the pressure difference Pvb are increased by AP^ and APvb. 
respectively, as a result of an increase AF of the brake operating force F per unit time, a relationship represented by the 
40 following equation (2) is satisfied among the brake operating force F. master cylinder pressure and booster negative 
pressure Pvb- 

Am X (P M + m) = A VB X (P VB + v) + R p X (F -t- AF) 

45 [0192] This equation can be converted into the following equation (3), using the above equation (1): 

Am xAPm = AvBXAPvB + RpXAF 

[0193] By the way, a boosting ratio (servo ratio) of the vacuum booster 51 7 is generally defined by the following equa- 
50 tion (4): 

R VB = (A VB X AP VB + R s X AF)/R s X AF 

[0194] In this equation (4), the denominator and the numerator represent an input and an output of the vacuum 
55 booster 517, respectively. Using this equation (4), the amount of increase AF is represented by the following equation 

(5): 

aF = (Avb/Rs/(Rvb-"»))xaPvb 
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[0195] Using this equation (5). the above equation (3) can be converted into the following equation (6): 

A^^x APft^ = (AvbxRvb/(Rvb • 1)x APvB 

5 [01 96] Accordingly, a relationship represented by the following equation (7) is satisfied among the amount of increase 
APm and the amount of increase aPvb^ 

^Pm =((Avb/Am)x Rvb/(Rvb - 1)) X APvb 

10 [0197] Suppose that the pressure Pq in the negative pressure chamber 527 does not change for a given period of 
time, a relationship represented by the following equation (8) is satisfied between the amount of increase APvb of the 
booster negative pressure Pvb pei* unit time and the amount of increase APy of the pressure Pv in the pressure chang- 
ing chamber 528 per unit time: 

15 APvb=aPv 

[0198] Accordingly, a relationship represented by the following equation (9) is satisfied between the amount of 
increase aPm and the amount of increase APy: 

20 AP M = ((A vb/A m) X R vbAR vb ■ 1 ) ^ V 

[0199] In this equation (9), the value ((Avb^Am) x R vb^R vb " ) represents a gradient S of a line of the pressure 
Pv in the pressure changing chamber 528 and the master cylinder pressure which are taken along the abscissa and 
the ordinate, respectively, before the boosting limit of the vacuum booster has been reached. 

25 [0200] Suppose the "amount of increase aPv" is defined as an amount of increase of the pressure Py in the pressure 
changing chamber 528 from the above-indicated reference Pvo to the atmospheric pressure Patm. the "amount of 
increase AP^^" means an amount of increase of the master cylinder pressure P^ with an increase of the pressure Pv in 
the pressure changing chamber 528 from the reference value Pvo to the atmospheric pressure Patm- namely, an 
amount of increase of the master cylinder pressure P^ until the boosting limit of the vacuum booster 517 has been 

30 reached. Therefore, a boosting limit value P^o of the master cylinder pressure P^ when the boosting limit of the vacuum 
booster 517 has been reached is obtained according to the following equation, if the actual value of the master cylinder 
pressure P^ detected when the pressure Pv in the pressure changing chamber 528 has reached the reference value 
Pvo is determined as a reference value Pjvn : 

[0201] A relationship among the reference value P^i, boosting limit value Pmo a^cl amount of increase aP^ is repre- 
sented by the graph of Fig. 57. 

[0202] In view of the above, the present embodiment is adapted to activate the pump 16 when the actual value of the 
40 master cylinder pressure P^ has reached the boosting limit value Pmo- the braking effect characteristic control, the 
electric current I for energizing the solenoid 74 of the pressure control valve 22 is controlled such that the pressure dif- 
ference AP of the master cylinder 14 and the brake cylinder 10 changes in relation to the master cylinder pressure Pm. 
as indicated in the graph of Fig. 58. 

[0203] If a braking operation is initiated at point of time t1 when the pressure Pv in the pressure changing chamber 
45 528 is equal to the pressure Pq in the negative pressure changer 527, as indicated in the graph of Fig. 59, the pressure 
Pv in the pressure changing chamber 528 begins to rise toward the atmospheric pressure Patm a result of an 
increase of the brake operating force F from the zero value. The actual value of the master cylinder pressure P^ when 
the pressure Pv in the pressure changing chamber 528 has increased to the reference value Pvo at point of time t2 is 
determined as the reference value Pmi . The boosting limit value P^o is obtained as a sum of the reference value P^i 
50 and the amount of increase AP^ corresponding to the amount of increase APv When the actual value of the master 
cylinder pressure P^ has subsequently increased to the boosting limit value P^i at point of time tS. the pump 1 6 is acti- 
vated to increase the brake cylinder pressure Pb even if the pressure Pv in the pressure changing chamber 528 is kept 
constant at the atmospheric pressure Patm irrespective of a subsequent Increase in the brake operating force R 
[0204] When the actual value of the master cylinder pressure P^ has been lowered below the boosting limit value P^o 
55 at point of time t4 as a result of a decrease in the brake operating force F. the pump 1 6 is turned off. Subsequently, the 
pressure Pv in the pressure changing chamber 528 is lowered, and the brake operating force F is zeroed at point of 
time t5 so that the pressure Py in the pressure changing chamber 528 is again made equal to the pressure Pq in the 
negative pressure chamber 527. 
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[0205] Although the pressure Pc in the negative pressure chamber 527 is kept substantially constant throughout the 
braking operation, the pressure Pq in the negative pressure chamber 527 in one braking operation may differ from that 
in another braking operation. On the other hand, the pressure Pq in the negative pressure chamber 527 is reflected on 
the actual value of the master cylinder pressure Pm when the pressure Pv in the pressure changing chamber 528 has 

5 reached the reference value Pyo. that is, on the reference value Pmo- "Thus, the present embodiment is adapted to avoid 
different braking effects during different braking operations in which the pressure Pq in the negative pressure chamber 
528 have different values, whereby the present embodiment assures a high degree of stability in the braking effect. 
[0206] It is also noted that the vacuum booster 517 is not always normally operated, and may be defective for some 
reason or other, with the pressure Pq in the negative pressure chamber 527 being insufficiently low. The braking effect 

10 characteristic varies depending upon whether the vacuum booster 51 7 is in a normal or defective state, as indicated in 
the graph of Fig. 60. If the braking effect characteristic control is effected on an assumption that the vacuum booster 
517 is always normal, the vehicle operator is required to operate the brake pedal 32 with a large force in the event of 
some defect of the vacuum booster 517. 

[0207] In the light of the above, the braking effect control according to the present embodiment is adapted to zero the 
15 boosting limit value P^o in the event of some defect of the vacuum booster 517, so that the pump 16 is activated when 
the actual value of the master cylinder pressure Pm becomes slightly higher than zero, as indicated in the graph of Fig. 
61. 

[0208] The braking effect characteristic control may be arranged to determine that the vacuum booster 517 is defec- 
tive, if the pressure Pq in the negative pressure chamber 527 detected by pressure detecting means such as a pressure 
20 sensor or a pressure switch is higher than a reference value Pco lower than the atmospheric pressure Patm- Q^®*^ ^^i'® 
the engine is operation. In this case, however, pressure detecting means is required for both of the negative pressure 
chamber 527 and the pressure changing chamber 528. 

[0209] In view of the above, the present embodiment Is adapted to effect determination as to whether the vacuum 
booster 517 is defective or not. by utilizing the above-indicated negative pressure switch 534 as the pressure detecting 

25 means, based on a fact that the negative pressure chamber 527 and the pressure changing chamber 528 have the 
same pressure when a braking operation is not performed, so that the pressure Pc in the negative pressure chamber 
527 can be obtained by detecting the pressure Pv in the pressure changing chamber 528. That is, the present embod- 
iment uses the pressure detecting means for detecting the pressure Py in the pressure changing chamber 528, for 
effecting both the determination as to whether the boosting limit of the vacuum booster 51 7 has been reached and the 

30 determination as to whether the vacuum booster 51 7 is defective. 

[0210] A routine for the braking effect characteristic control is illustrated in the flow chart of Fig. 62. 
[0211] This routine is repeatedly executed when the ignition switch of the motor vehicle is turned on by the vehicle 
operator. Each cycle of execution of the routine is initiated with S81 1 to read the master cylinder pressure signal 
received from the master cylinder pressure sensor 80. Then, S812 is implemented to read a booster negative pressure 

35 signal received from the booster negative pressure switch 534, Then, S813 is implemented to determine whether the 
vacuum booster 51 7 is defective or not. 

[0212] Fig. 63 shows details of S813, as a booster defect determining routine. This routine is initiated with S841 to 
read a brake operation signal received from the brake switch 350. and determine whether a braking operation is per- 
formed, on the basis of the braking operation signal. If the braking operation is performed in this cycle of execution, an 

40 affirmative decision (YES) is obtained, and the present cycle of execution of this routine is immediately terminated. In 
this case, the control flow goes to S814 of Fig. 62. If the braking operation is not performed in the present cycle, a neg- 
ative decision (NO) is obtained, and the control flow goes to S842 to determine whether the booster negative pressure 
switch 534 s in an OFF state or not, that is, whether the relatively low negative pressure is present in the pressure 
changing chamber 528 which Is in communication with the negative pressure chamber 527. If the negative pressure 

45 switch 534 is in the OFF state in this control cycle, an affirmative decision (YES) is obtained, and the control flow goes 
to S843 to determine that the vacuum booster 517 is in a normal state. If the booster negative pressure switch 534 is 
in the ON state in this control cycle, on the other hand, a negative decision (NO) is obtained in S842, and the control 
flow goes to 8844 to determine that the vacuum booster 51 7 is in a defective state. In either case, one cyde of execu- 
tion of the present routine is terminated, and the control flow goes to S814 of Fig. 62. 

50 [021 3] This S81 4 is provided to determine whether a control flag provided in the RAM is set at "0" or not. This control 
flag is provided to inhibit updating of the boosting limit value P^q during a time period from a moment when the boosting 
limit value Pmo is calculated in response to a change of the state of the booster negative pressure switch 534 from the 
OFF state to the ON state to a moment when the booster negative pressure switch 534 is restored to the OFF state. 
The control flag is initialized to "0" when power is applied to the connputer of the ECU 522. If the control flag Is set at 

55 "0". an affirmative decision (YES) is obtained, and the control flow goes to S815. 

[021 4] This S81 5 is provided to determine whether the booster negative pressure switch 534 is in the ON state or not. 
If the vacuum booster 51 7 is not defective and if the booster negative pressure switch 534 is not in the ON state as the 
brake operating force F is relatively small in this control cycle, a negative decision (NO) is obtained, and the control flow 
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goes to S816 to determine that the boosting limit of the vacuum booster 517 has not been reached. Then, S817 is 
implemented to generate a signal for turning off the solenoid 74 of the pressure control valve 22, so that the pressure 
control valve 22 is opened. Successively, S818 is implemented to generate a signal for turning off the solenoid 116 of 
the inflow control valve 138, so that the inflow control valve 138 is closed. Then, the control flow goes to S819 to gen- 

5 erate a signal for turning off the pump motor 114. 

[0215] Then, S820 is implemented to determine whether the booster negative switch 534 is in the OFF state. If the 
switch 534 is in the OFF state, an affirmative decision (YES) is obtained, and the control flow goes to S821 to generate 
a signal for resetting the control flag to "0". If the switch 534 is in the ON state, a negative decision (NO) is obtained in 
S820, and S821 is skipped. Thus, one cycle of execution of the present routine is terminated. 

10 [021 6] If the vacuum booster 51 7 is defective or if the vacuum booster is not defective but the booster negative pres- 
sure switch 534 is in the ON state with the relatively large brake operating force R an affirmative decision (YES) is 
obtained in 8815, the control flow goes to 8822 and the subsequent steps. 

[021 7] First. 8822 is provided to determine whether the vacuum booster 51 7 has been determined to be defective. If 
the vacuum booster 517 has not been determined to be defective in this control cycle, a negative decision (NO) is 

15 obtained, and the control flow goes to 8823 in which the above-indicated reference value P^i is determined on the 
basis of the master cylinder pressure signal read in the above-indicated step, and the boosting limit value P^o is calcu- 
lated according to the above-indicated equation P mo = ^ mi + S x AP ^ . in this equation, "8" is a known constant, and 
is stored in the ROM. If the vacuum booster 517 is defective in this control cycle, on the other hand, an affirmative deci- 
sion (YES) is obtained in 8822. and the control flow goes to 8824 in which the boosting limit value P^o is zeroed. 

20 [0218] In either case, 8825 is then implemented to set the above-indicated control flag to "1 Then, S826 is imple- 
mented to determine whether the master cylinder pressure P^ is presently equal to or higher than the boosting limit 
value Pmo- This determination is effected on the basis of the above-indicated master cylinder pressure signal. If the 
master cylinder pressure Pm is lower than the boosting limit value P^o in this control cycle, a negative decision (NO) is 
obtained, and the control flow goes to 8816 and the subsequent steps, if the master cylinder pressure P^ is equal to 

25 or higher than the boosting limit value Pmo this control cycle, on the other hand, an affirmative decision (YES) is 
obtained in 8826. and the control flow goes to 8827 and the subsequent steps. -i^ 
[0219] First. 8827 is implemented to determine that the boosting limit of the vacuum booster 51 7 has been reached. 
Then, 8828 is implemented to calculate a desired value of the pressure difference aP between the master cylinder 
pressure P^ and the brake cylinder pressure Pb. on the basis of the present master cylinder pressure Pm* The -ROM 

30 stores a predetermined relationship between the desired pressure difference AP and an amount of increase IPm of the 
actual value of the master cylinder pressure P^ from the boosting limit value Pmo- According to this relationship, the 
desired pressure difference AP corresponding to the present master cylinder pressure Pm is determined. That relation- 
ship may be formulated such that the desired pressure difference AP linearly increases with an increase in the amount 
of increase IPm. as indicated in the graph of Fig. 64. 

35 [0220] Then, 8829 is implemented to calculate the electric current of the solenoid 74 of the pressure control valve 22. 
which corresponds to the desired pressure difference aP The ROM stores also a relationship between the desired pres- 
sure difference AP and the solenoid current I. The solenoid current I corresponding to the desired pressure difference 
AP is calculated according to this relationship. 8830 is then implemented to apply the calculated electric current I to the 
solenoid 74. for thereby controlling the pressure control valve 22. Then. 8831 is implemented to control the inflow con- 

40 trol valve 138. 

[0221] Details of 8831 are shown as an inflow control valve control routine, in the flow chart of Fig. 65. 
[0222] Initially. 8871 is implemented to determine whether an anti-lock brake pressure control operation is presently 
performed. If the anti-lock brake pressure control operation is not performed, a negative decision (NO) is obtained, and 
the control flow goes to 8872 to generate a signal for energizing the solenoid 1 16 of the inflow control valve 138. that 

45 is, a signal for opening the inflow control valve 138, so that the working fluid can be supplied from the master cylinder ^ 
14 to the pump 16 through the fluid supply passage 130. Thus, one cycle of execution of this routine is terminated. 
[0223] If the anti-lock brake pressure control operation is presently performed, an affirmative decision (YES) is 
obtained in 8871 . and the control flow goes to 8873 to estimate the amount of the working fluid that can be pumped up 
by the pump 16 from the reservoir 132, namely, the amount of the working fluid left in the reservoir 132. Then, 8874 is 

50 implemented to determine whether the estimated amount of the fluid left in the reservoir is zero or not, that is. whether 
the fluid that can be pumped up by the pump 16 is absent in the reservoir 132. If the amount of the fluid left in the res- 
ervoir is not presently zero in this control cycle, a negative decision (NO) is obtained, and 8875 is implemented to gen- 
erate a signal for de-energizing the solenoid 1 16 of the inflow control valve 138. that is, a signal for closing the inflow 
control valve 138. If the amount of the fluid left in the reservoir is presently zero in this control cycle, on the other hand. 

55 an affirmative decision (YES) is obtained in 8874. and the control flow goes to 8872 to generate the signal for opening 
the inflow control valve 138. In either case, one cycle of execution of the present routine is terminated, and the control 
flow goes to 8832 of Fig. 62. In this 8832, a signal for turning on the pump motor 1 14 is generated, so that the working 
fluid is pumped up by the pump 1 6 from the reservoir 1 32, to deliver the working fluid to each brake cylinder 1 0. whereby 
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the fluid pressure generated in each brake cylinder 10 is higher than the master cylinder pressure Pf^ by the desired 
pressure difference AP which corresponds to the master cylinder pressure P^. Then, the control flow goes to S820. 
Since the booster negative pressure switch 534 is not presently in the OFF state, a negative decision (NO) is obtained, 
and S821 is skipped. Thus, one cycle of execution of the present routine is terminated. 
5 [0224] When the brake operating force F is reduced at the end of the braking operation, the pressure Pv in the pres- 
sure changing chamber 528 is accordingly reduced, and the booster negative pressure switch 534 is turned off. As a 
result, an affirmative decision (YES) is obtained in 8820. and the control flow goes to S821 to initialize the control flow 
to "0". 

[0225] While the braking effect characteristic control routine has been described in detail by reference to the drawings, 

10 the anti-lock brake pressure control routine will be described only briefly since this routine does not directly relate to the 
present invention. The anti-lock brake pressure control routine is formulated to prevent locking of each vehicle wheel 
during brake application to the vehicle, by selectively establishing a pressure-increasing state, a pressure-holding state 
and a pressure-reducing state, while monitoring the rotating speed of each wheel with the wheel speed sensor 112 and 
the running speed of the vehicle. In the pressure-increasing state, the pressure increasing valve 50 is placed in the 

15 open state, while the pressure reducing valve 50 is placed in the closed state. In the pressure-holding state, the pres- 
sure increasing valve 40 and the pressure reducing valve 50 are both placed in the closed state. In the pressure-reduc- 
ing state, the pressure increasing valve 40 is placed in the closed state while the pressure reducing valve 50 is placed 
in the open state. The anti-lock brake pressure control routine is further formulated such that the pump motor 1 14 is 
activated during an anti-lock brake pressure control operation, to operate the pump 16 to return the fluid from the res- 

20 ervoir 48 to the primary passage 1 8. 

[0226] It will be understood from the foregoing explanation of the present embodiment that a portion of the ECU 522 
assigned to implement S81 1-S816 and S822-S827 of Fig. 62 constitutes an example of a "determining device", and an 
example of "first determining means". It will also be understood that the pump 1 8 (an example of the hydraulic pressure 
source), a portion of the ECU 522 assigned to implement 8819. S826 and S832 of Fig. 62 (an example of the hydraulic 

25 pressure source control device), the pressure control valve 22 (an example of a mechanical part of the pressure control 
device), and a portion of the ECU 522 assigned to implement S817 and S828-S830 of Fig. 62 (an example of an elec- 
trical part of the pressure control device) constitute an example of a ":second boosting device". 
[0227] It is noted that various improvements may be made in the present embodiment. 

[0228] For instance, the routine of Fig. 62 may be modified such that the pump 1 6 is activated when the actual master 
30 cylinder pressure becomes higher than a value which is lower than the boosting limit value Pmo by a predetermined 
amount, so that the operation of the pump 16 is initiated before the boosting limit of the vacuum booster 41 7 has been 
reached. 

[0229] The routine of the same figure may also be modified so as to detect abnormality of the booster negative pres- 
sure switch 534. and such that S823 is implemented, in the event of detection of abnormality of the switch 534. to deter- 
35 mine the boosting limit value P^q. assuming that the pressure in the negative pressure chamber 527 is normal. The 
detection of abnormality of the booster negative pressure switch 534 may be effected so as to determine that the 
booster negative pressure switch 534 is abnormal, if the booster negative pressure switch 534 is in the OFF state when 
the ignition switch is in the ON state and when the engine is not operated. 

[0230] Further, the routine of Fig. 65 may be modified such that the amount of the working fluid left in the reservoir 
40 1 32 is detected directly by a sensor. For instance, the amount of the fluid left may be detected by a permanent magnet 
which is provided on the reservoir piston 54 of the reservoir 1 32 such that the permanent magnet is movable with the 
reservoir piston 54, and a proximity switch in the form of a reed switch disposed in proximity with the permanent mag- 
net. 

[0231 ] The routine of the same figure may also be modified so as to estimate or detect the amount of the working fluid 
45 left in the reservoir 132, irrespective of whether an anti-lock brake pressure control operation is performed or not, and 
such that the inflow control valve 138 is closed when the estimated or detected amount is not zero, and opened when 
it is zero. 

[0232] The routine of the same figure may also be modified so as to immediately implement 8872 for opening the 
inflow control valve 138 without detecting the amount of the working fluid left in the reservoir 132, if there is not a pos- 

50 sibility that the fluid is left in the reservoir 132 before initiating a plurality of cycles of execution of this routine (before 
initiating each cycle of execution of the braking effect characteristic control routine), for example, if the present routine 
is initiated while an anti-lock brake pressure control operation is not performed, and so as to implement S874 to deter- 
mine whether the working fluid is present, and selectively implement S872 or S875 so that the inflow control valve 138 
is opened only when the working fluid is not present. This arrangement prevents an unnecessarily large amount of flow 

55 of the working fluid from the master cylinder 14 into the reservoir 132, even in a braking system which is not adapted to 
activate the pump 16 to evacuate the reservoir 132, upon termination of the braking effect characteristic control, so that 
the braking system is ready for a subsequent anti-lock brake pressure control operation. Consequently, the present 
arrangement makes it possible to minimize the amount of the fluid left in the reservoir 132 at the end of the braking 
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effect characteristic control, and thereby avoid an excessive amount of the fluid present in the reservoir 132 upon initi- 
ation of the subsequent anti-lock brake pressure control operation, which excessive amount would prevent intended 
reduction of the fluid pressure in the brake cylinder 10. The reservoir 132 may be connected to the reservoir 536 of the 
master cylinder 14 through an exclusive return passage which is provided with another pump and another shut-off valve 
5 disposed in series with each other, so that the reservoir 132 is fully evacuated at the end of the braking effect charac- 
teristic control, by opening the shut-off valve and activating the pump at the end of the braking effect characteristic con- 
trol. 

[0233] There will next be described a sixteenth embodiment of this invention. This embodiment has a number of ele- 
ments which are identical with those of the preceding fifteenth embodiment and which are identified by the same refer- 
10 ence signs as used in the fifteenth embodiment- Detailed description of these elements will not be provided, and only- 
the elements specific to the present embodiment will be described in detail. 

[0234] Unlike the fifteenth embodiment, the present embodiment uses a booster negative switch 540 as shown in Fig. 

66. which generates a booster negative pressure signal indicative of an OFF state when the pressure Pv in the pressure 
changing chamber 528 is lower than the atmospheric pressure Patm- ^ booster negative pressure signal indicative 

15 of an ON state when the pressure Py is equal to or higher than the atmospheric pressure Patm- the present embod- 
iment, an ECU 542 controls the pump 1 6 on the basis of output signals of the booster negative pressure switch 540 and 
the master cylinder pressure sensor 80. so as to effect the braking effect characteristic control. 
[0235] The braking effect characteristic control routine in the present embodiment is illustrated in the flow chart of Fig. 

67. While the braking effect characteristic control in the present embodiment will be described based on this flow chart. 
20 the portions of the present routine identical with those in the flow chart of Fig. 62 of the fifteenth embodiment will be 

described only briefly. 

[0236] The present routine is also repeatedly executed during running of the motor vehicle. In each cycle of execution, 
the routine is initiated with S881 to read the master cylinder pressure signal received from the master cylinder pressure 
sensor 80. Then, S882 is implemented to read the booster negative pressure signal received from the booster negative 

25 pressure switch 540. Successively, S883 is implemented to determine whether the above-indicated control flag is set at 
"0". If the control flag is set at "0" in this control cycle, an affirmative decision (YES) is obtained, and the controljlow 
goes to S884 to determine whether the booster negative pressure switch 540 is in the ON state, that is. whether the 
pressure Pv in the pressure changing chamber 528 is equal to or higher than the atmospheric pressure Patm- 
switch 540 is not in the ON state in this control cycle, a negative decision (NO) is obtained, and the control flow goes to 

30 S885 to determine that the boosting limit of the vacuum booster 51 7 has not been reached. Then, the control flow goes ^ 
to S886 to de-energize the solenoid 74 of the pressure control valve 22, S887 to de-energize the solenoid 1 16 of^the f 
inflow control valve 138. and S888 to turn off the pump motor 1 14. Successively. S889 is implemented to determine 
whether the booster negative pressure switch 540 is in the OFF state. If the switch 54 is in the OFF state, an affirmative . ; 

decision (YES) is obtained, and the control flow goes to S890 to reset the control flow to "0". If the switch 540 is in the 

35 ON state, a negative decision (NO) is obtained, and S890 is skipped. Since the booster negative pressure switch,540 
is supposed to be in the OFF state in this control cycle, the affirmative decision (YES) is obtained, and S890 is imple- 
mented to reset the control flag to "0". Thus, one cycle of execution of the present routine is terminated. -^^^^ 
[0237] If the booster negative switch 540 is in the ON state in this control cycle in which the pressure Pv in the pres- 
sure changing chamber 528 is equal to or higher than the atmospheric pressure Patm* ^t" affirmative decision (YES) is ^ 

40 obtained in S884, and the control flow goes to S891 and the subsequent steps. 

[0238] First, S891 is implemented to set the control flag to "1". Then, S892 is implemented to calculate the actual 
value of the master cylinder pressure Pm on the basis of the above-indicated master cylinder pressure signal, and deter- 
mine the calculated value as the boosting limit value Pmo- Successively, S893 is implemented to determine that the 
boosting limit of the vacuum kxjoster 517 has been reached. 

45 [0239] Then, S894 is implemented to calculate the desired value of the pressure difference AP between the master 
cylinder pressure P^ and the brake cylinder pressure Pb, on the tasis of the amount of increase IPm of the present 
value of the master cylinder pressure Pm from the boosting limit value Pmo- Then, S895 is implemented to calculate the 
electric current I of the solenoid 74 of the pressure control valve 22, which electric current I corresponds to the desired 
pressure difference AP. The control flow then goes to S896 to apply the calculated electric current I to the solenoid 74, 

50 for controlling the pressure control valve 22. Then, S897 is implemented to control the inflow control valve 138. Succes- 
sively, the control flow goes to S898 to turn on the pump motor 114. Then. S889 is implemented to determine whether 
the booster negative pressure switch 540 is in the OFF state. If the switch 540 is presently in the ON state, a negative 
decision (NO) is obtained, and S890 is skipped. Thus, one cycle of execution of the present routine is terminated. 
[0240] It will be understood from the above explanation of the present embodiment that a portion of the ECU 542 

55 assigned to implement S881 . S882. S884. S885 and S893 constitutes an example of the "determining device", and an 
example of "second determining means". 

[0241 ] It is noted that while the present embodiment is adapted to initiate an operation of the pump 1 6 when the actual 
pressure Pv in the pressure changing chamber 528 has become equal to or higher than the atmospheric pressure 



57 

BNSOOCID: <EP_0928730A1J_> 



EP 0 928 730 A1 

Patm' the booster negative pressure switch may be adapted such that the state of the output signal is changed to acti- 
vate the pump 16 when the actual pressure Pv in the pressure changing chamber 528 has become equal or higher than 
a value which is lower than the atmospheric pressure Patm by a predetermined amount, so that the operation of the 
pump 16 is initiated before the boosting limit of the vacuum booster 517 has been reached, with an operation delay of 
5 the pump 1 6 taken into account. 

[0242] Then, a seventeenth embodiment of this invention will be described. This embodiment has a number of ele- 
ments which are identical with those of the preceding sixteenth embodiment and which are identified by the same ref- 
erence signs as used in the sixteenth embodiment. Only the elements specific to the present embodiment will be 
described in detail. 

10 [0243] In the present embodiment, a booster negative pressure sensor 550 is provided in place of the above-indicated 
booster negative pressure switch 540, as shown in Fig. 68. This booster negative pressure sensor 550 is* operated in 
response to the pressure Pq in the negative pressure chamber 527, such that a booster negative pressure signal gen- 
erated by this sensor continuously changes with a continuous change in the level of that pressure Pq. An ECU 552 exe- 
cutes the braking effect characteristic control on the basis of the output signals of the booster negative pressure sensor 

15 550 and the above-indicated master cylinder pressure sensor 90, 

[0244] The braking effect characteristic control routine in the present embodiment is illustrated in the flow chart of Fig. 
69. While the braking effect characteristic control in the present embodiment will be described based on this flow chart, 
the portions of the present routine identical with those in the flow chart of Fig. 67 of the sixteenth embodiment will be 
described only briefly 

20 . [0245] The present routine is also repeatedly executed during running of the motor vehicle. In each cycle of execution, 
the routine is initiated with S901 to read the master cylinder pressure signal received from the master cylinder pressure 
sensor 80. Then, S902 is implemented to read the booster negative pressure signal received from the booster negative 
pressure sensor 550. The control flow then goes to S903 to detect the pressure Pq in the negative pressure chamber 
527 on the basis of the booster negative pressure signal, and calculate the boosting limit value P^o corresponding to 

25 the actual value of the pressure Pq of the negative pressure chamber 527, on the basis of the detected pressure Pq 
and according to a predetermined relationship (stored in the ROM) between the pressure Pq and the boosting limit 
value P^Q. According to this predetermined relationship, the boosting limit value P|^o increases with a decrease in the 
pressure Pc of the negative pressure chamber 527 (toward the vacuum), as indicated in the graph of Fig. 70 by way of 
example. 

30 [0246] Then, S904 is implemented to determine whether the present master cylinder pressure Pm is equal to or higher 
than the boosting limit value P^q, on the basis of the above-indicated master cylinder pressure signal. If the present 
master cylinder pressure P|^ is not equal to or higher than the boosting limit value Pj^o* ^ negative decision (NO) is 
obtained, and the control flow goes to S905 and the subsequent steps, in the same manner as in S909 and the subse- 
quent steps of Fig. 67. 

35 [0247] It will be understood from the above explanation of the present embodiment that the booster negative pressure 
sensor 550 constitutes an example of "booster-pressure-related quantity detecting means" and an example of "nega- 
tive-pressure-chamber-pressure-related quantity detecting means", and that a portion of the ECU 552 assigned to 
implement S901-S904 and S909 of Fig. 69 constitutes an example of the "determining device" and "third determining 
means". 

40 [0248] In the present embodiment, it is noted that the relationship between the pressure Pq of the negative pressure 
chamber 527 and the boosting limit value Pmo 'S stored in the ROM so that the boosting limit value Pmo is calculated 
according to the relationship, as described above. 

[0249] A difference between a boosting limit value P^oi when the pressure Pq of the negative pressure chamber 527 
is equal to a certain value Pc^ and a boosting limit value Pmo2 when the pressure Pq is equal to another value Pc2 is 
45 represented by the following equation: 

P M01 ■ M02 = ^ ^ C2 * Cl) 

[0250] If the value Pci is used as a reference value, the value Pmoi means the boosting limit value Pmoi when the 
50 pressure Pc of the negative pressure chamber 527 is equal to the reference value Pci • If the value Pc2 'S the present 
value, the value Pmo2 means the boosting limit value P^q when the pressure Pq of the negative pressure chamber 527 
is equal to the present value. That is, the boosting limit value Pmo can be obtained according to the following equation: 

Pmo = Pmoi * Sx (P^ • Pq^) 

55 

[0251] Based on this finding, therefore, the present embodiment may be adapted to store in the ROM the boosting 
limit value P^oi when the pressure Pc of the negative pressure chamber 527 is equal to the reference value Pci . detect 
the present pressure Pq of the negative pressure chamber 527 by negative-pressure-chamber-pressure-related quan- 
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tity detecting means, and calculate the boosting limit value Pf^ corresponding to the present pressure Pq of the nega- 
tive pressure chamber 527. on the basis of the present pressure Pc. the boosting limit value Pmoi stored in the ROM 
and the above-indicated equation. 

[0252] Then, an eighteenth emtDodiment of this invention will be described. This embodiment has a number of ele- 
5 ments which are identical with those of the preceding seventeenth embodiment and which are identified by the same 
reference signs as used in the seventeenth embodiment. Only the elements specific to the present embodiment will be 
described in detail. 

[0253] In the present embodiment, the above-indicated kx)oster negative pressure sensor 550 is eliminated, and 
instead a computer of an electronic engine control device 560 is connected to an ECU 562, as shown in Fig. 71. As 

10 shown in Fig. 72. the electronic engine control device 560 is provided with a fuel injection control device 564 which is 
constituted principally by a computer. To the input side of the control device 564. there are connected an intake pipe 
negative pressure sensor 566 and an engine speed sensor 568. To the output side of the control device 564, there is 
connected an injector 569. The intake pipe negative pressure sensor 566 is provided in an Intake pipe of the engine, 
and operates in response to the pressure P| in the intake pipe such that the output signal continuously changes with a 

75 continuous change in the pressure P|. The engine speed sensor 568 generates an engine speed signal which continu- 
ously changes with a continuous change in speed NE of the engine. The fuel injection control device 564 controls fuel 
injection from the injector 569 on the basis of the output signals of the intake pipe negative pressure sensor 566 and 
the engine speed sensor 568. 

[0254] To the fuel injection control device 560. there is connected the ECU 562 in the present embodiment. The ECU 
20 562 receives the intake pipe pressure P| from the fuel injection control device 560, and uses this pressure as the pres- 
sure Pc of the negative pressure chamber 527. 

[0255] The braking effect characteristic control routine in the present embodiment is illustrated in the flow chart of Rg. 

73. While the braking effect characteristic control in the present embodiment will be described based on this flow chart. • 

the portions of the present routine identical with those in the flow chart of Fig. 69 of the seventeenth embodiment will - ■ 

25 be described only briefly. c 
[0256] The present routine is also repeatedly executed during running of the motor vehicle. In each cycle of execution, , - . 

the routine is initiated with S921 to read the master cylinder pressure signal received from the master cylinder pressure • • . . .r^ 

sensor 80. Then, S922 is implemented to read the intake pipe negative pressure signal received from the intake pipe - 
negative pressure sensor 568 through the fuel injection control device 564. Then, S923 is implemented to detect the 

30 pressure Pc of the negative pressure chamber 527 on the basis of the intake pipe negative pressure signal ;andxalcu- - f 

late the boosting limit value P^o corresponding to the actual value of the pressure Pc of the negative pressure chamber 
527, on the basis of the detected pressure Pc and according to a predetermined relationship (stored in the ROM) ^ -.u 

between the pressure Pc of the negative pressure chamber 527 and the boosting limit value P^o- - * 

[0257] The control flow then goes to S924 to determine whether the actual master cylinder pressure P^ is equal to 

35 or higher than the boosting limit value P^o. on the basis of the above-indicated master cylinder pressure signal. .If the ^ 
present master cylinder pressure Pm is not equal to or higher than the boosting limit value P^o. ^ negative decision - .i.^" 

(NO) is obtained, and the control flow goes to S925 and the subsequent steps, in the same manner as in the case of - 
Fig. 69. If the present master cylinder pressure P^ is equal to or higher than the boosting limit value P^o. an affirmative - ^ C 

decision (YES) is obtained in S924, and the control flow goes to step S929 and the subsequent steps, in the same man- 

40 ner as in the case of Fig. 69. 

[0258] It will be understood from the foregoing explanation of the present embodiment that the intake pipe negative 
pressure sensor 566 constitutes an example of "booster-pressure-related quantity detecting means" and an example of 
"negative-pressure-chamber-pressure-related quantity detecting means" and that a portion of the ECU 562 assigned 
to implement S921 -S925 and S929 of Fig. 73 constitutes an example of the determining device and an example of third 

45 determining means. 

[0259] A nineteenth embodiment of this invention will be described. The present embodiment has a number of ele- 
ments which are identical with those of the preceding eighteenth embodiment and which are identified by the same ref- 
erence signs as used in the eighteenth embodiment. Only the elements specific to the present embodiment will be 
described in detail. 

50 [0260] In the present embodiment, an electronic engine control device 570 is connected to an ECU 572. as shown in 
Fig. 74, as in the eighteenth embodiment. As shown in Fig. 75, the electronic engine control device 570 is provided with 
a fuel Injection control device 574 which is constituted principally by a computer. To the input side of the fuel injection 
control device 574, there are connected a throttle opening sensor 576 and the above-indicated engine speed sensor 
568. to the output side of the control device 574. there is connected the above-indicated injector 569. The throttle open- 

55 ing sensor 576 generates a throttle opening signal which continuously changes with a continuous change in the open- 
ing angle of a throttle valve provided in the Intake pipe of the engine. The engine speed sensor 568 and the Injector 569 
are the same as used in the eighteenth embodiment. The fuel injection control device 574 controls the fuel injection 
from the injector 569 on the basis of the output signals of the throttle opening sensor 576 and the engine speed sensor 
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568. 

[0261] To the fuel injection control device 574, there is connected the ECU 572. The ECU 572 receives the throttle 
opening signal and the engine speed signal from the fuel injection control device 574, and detects the pressure Fq of 
the negative pressure chamber 527 on the basis of those signals. 
5 [0262] The braking effect characteristic control routine in the present embodiment is illustrated in the flow chart of Fig. 
76. While the braking effect characteristic control in this embodiment will be described teased on this flow chart, portions 
of the present routine identical with those in the flow chart of Fig. 73 of the eighteenth embodiment will be described 
only briefly. 

[0263] The present routine is also repeatedly executed during running of the motor vehicle. In each cycle of execution, 
10 the routine is initiated with S941 to read the master cylinder pressure signal received from the master cylinder pressure 
sensor 80. Then, S942 is implemented to read the throttle opening signal received from the throttle opening sensor 576. 
Then, S943 is implemented to receive the engine speed signal received from the engine speed sensor 568. The control 
flow then goes to S944 to determine the present intake pipe negative pressure P| on the basis of the throttle opening 
signal and the engine speed signal and according to a predetermined relationship (stored in the ROM) among the throt- 
15 tie opening angle TA, engine speed NE and intake pipe negative pressure P\, and determine the intake pipe negative 
pressure P|, as the pressure Pc of the negative pressure chamber 527, In this respect, It is noted that the predeter- 
mined relationship exists among the throttle opening TA. engine speed NE and intake pipe negative pressure P| and 
that the intake pipe negative pressure P| can be used as a value approximate to the pressure Pq of the negative pres- 
sure chambers 527. Successively, S945 is implemented to calculate the boosting limit value Pmo corresponding to the 
20 actual value of the pressure Pq of the negative pressure chamber 527, on the basis of the detected pressure Pq and 
according to a predetermined relationship (stored in the ROM) between the pressure Pq of the negative pressure cham- 
ber 527 and the boosting limit value P^q. 

[0264] Then, S946 is implemented to determine whether the present master cylinder pressure Py is equal to or higher 
than the boosting limit value P^q, on the basis of the above-indicated master cylinder pressure signal. If the present 
25 master cylinder pressure Pm is not equal to or higher than the boosting limit value Pmo- ^ negative decision (NO) is 
obtained, and the control flow goes to S947 and the subsequent steps, in the same manner as in the case of Fig. 73. If 
the present master cylinder pressure P^ is equal to or higher than the boosting limit value P^o- a" affirmative decision 
(YES) is obtained, and the control flow goes to S951 and the subsequent steps, in the same manner as in the case of 
Fig, 73, 

30 [0265] It will be understood from the foregoing description of the present embodiment that the throttle opening sensor 
576 and the engine speed sensor 568 constitute an example of "booster-pressure-related quantity detecting means" 
and an example of "negative-pressure-chamber-pressure-related quantity detecting means", and that a portion of the 
ECU 572 assigned to implement S941-S947 and S951 constitutes an example of the "determining device" and an 
example of the "third determining means". 

35 [0266] It is noted that the preceding eighteenth embodiment is adapted to use ,as the pressure Pc of the negative 
pressure chamber 527, the intake pipe negative pressure P| detected by the intake pipe negative pressure sensor 566, 
while the present embodiment is adapted to use, as the pressure Pq. the intake pipe negative pressure P| detected by 
the throttle opening sensor 576 and the engine speed sensor 568. In either of these embodiments, the intake pipe neg- 
ative pressure P| is used as the pressure Pq of the negative pressure chamber 527, and the boosting limit value P^q 'S 

40 determined on the basis of the pressure Pq of the negative pressure chamber 527. However, the boosting limit value 
Pmo may be determined on the basis of the intake pipe negative pressure P|, while taking into account a delayed 
response of the pressure Pc to a change in the intake pipe negative pressure P|. 

[0267] For instance, the boosting limit value P^o may be determined on the basis of the pressure Pq of the negative 
pressure chamber 527, which is calculated with the delayed response of the pressure Pq. In this instance, the pressure 
45 Pq of the negative pressure chamber 527 can be calculated from the intake pipe negative pressure P|, according to the 
following equation, for example: 

P C(n) = k X P -I- (1 - k) X P 

50 [0268] In this equation, the value Pc(n) is a present value of the pressure Pc of the negative pressure chamber 527, 
and the value P|(n) is a present value of the intake pipe negative pressure Pi, while the value P|(n.i) is a last value of the 
intake pipe negative pressure P|. The value k is determined to be larger than "0" and not smaller than "1", depending 
upon a time constant representative of a delayed response of the pressure Pq of the negative pressure chamber 527 
to the intake pipe negative pressure P|. 

55 [0269] Further, the boosting limit Pmo may be determined by first calculating the pressure Pc of the negative pressure 
chamber 527 on the basis of the directly or indirectly detected intake pipe negative pressure P|, without taking account 
of the delayed response of the pressure Pc. then provisionally determining the boosting limit value P^o on the basis of 
the calculated pressure Pc, without taking account of the delayed response of the pressure Pc. and finally determining 
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the boosting limit value P^o on the basis of a plurality of provisional values P^o. of the boosting limit value P^q. while 
taking account of the delayed response of the pressure Pc- In this case, the final value of the boosting limit value P^o 
can be calculated from the plurality of provisional values Pmo'. according to the following equation, for example: 

5 P MO(n) = k X P f^o-^ty) ' - k) X P MO'(n-l) 

[0270] "(n)** and "(n-1)" in this equation have the same meanings as in the above case, and the value "k" is determined 
in the same manner as in the above case. 

[0271 ] There will next be described a twentieth embodiment of this invention. This embodiment is identical in electrical 

10 arrangement with the fifteenth embodiment (Fig. 48) and is different only in electrical arrangement from the fifteenth 
embodiment, .with respect to only the braking effect characteristic control routine. Only the elements specific to the 
present embodiment will be described in detail, but the elements identical with those of the fifteenth embodiment will 
not be described in detail, with the same reference signs being given to those identical elements. 
[0272] Fig. 77 shows an electrical arrangement of this embodiment. Unlike the fifteenth embodiment, the present 

15 embodiment does not use the brake switch 350. and uses an ECU 580 in place of the ECU 522. 

[0273] A graph of Fig. 78 shows a relationship among the brake operating force F. the master cylinder pressure P^, 
the brake cylinder pressure Pb and the deceleration value G of the vehicle body. IN this emtxxiiment. to, the pump 16 
is activated when the boosting limit of the vacuum booster 517 has been reached, for generating a pressure difference 
aP between the master cylinder 14 and the brake cylinder 10. so that the brake cylinder pressure Pb linearly increases 

20 with the brake operating force F, both before and after the boosting limit of the vacuum booster 51 7 has been reached. 
It will be apparent from this figure, on the other hand, that there exists a relationship between the master cylinder pres- 
sure Pm and the vehicle deceleration value G that the vehicle deceleration value G increases with an increase in the 
master cylinder pressure P^. Therefore, the vehicle deceleration value G when the actual master cylinder pressure P^ 
has increased to a standard boosting limit value P^o oan be determined. Accordingly, if this vehicle deceleration value 

25 G is used as a reference value GO. it is possible to determine that the boosting limit of the vacuum booster 517 has.been 
reached, when the actual vehicle deceleration value G has reached the reference value GO. -$5 - 

[0274] In the light of the above, the present embodiment is adapted such that the determination as to whether the 
boosting limit of the vacuum booster 51 7 has been reached is effected by the cooperation of the booster negative.pres- 
sure switch 534 and the master cylinder pressure sensor 80. where the booster negative pressure switch 534 is normal. 

30 and such that the determination that the boosting limit of the vacuum booster 51 7 has been reached is made when the 
monitored actual vehicle deceleration value G has reached the reference value GO, where the booster negative switch 
534 is defective. Where the booster negative pressure switch 534 is defective, however, the determination that:the 
boosting limit of the vacuum booster 51 7 has been reached may be made when the actual master cylinder pressureP^ 
monitored by the master cylinder pressure sensor 80 has increased to the standard boosting limit value P|vio- ^ 

35 [0275] The present embodiment is further adapted such that where the booster negative pressure switch 534 is defec- 
tive, the desired pressure difference AP is determined so as to increase with the amount of increase IG of the actual 
value of the vehicle deceleration value G from the reference value GO, as indicated in the graph of Fig. 79, after the 
determination that the boosting limit of the vacuum booster 51 7 has been reached is made according to the relationship 
between the actual vehicle deceleration value G and the reference value GO. 

40 [0276] The braking effect characteristic control routine is illustrated in the flow chart of Fig. 80. 

[0277] Initially. S961 is implemented to check the booster negative pressure switch 534 for any defect. For instance, 
the booster negative pressure switch 534 is checked for electrical disconnection or short-circuiting. If the electrical dis- 
connection or short-circuiting is detected, the booster negative pressure switch 534 is found to be defective. Then, S962 
is implemented to determine whether the booster negative pressure switch 534 has been found defective In S961 . If the 

45 booster negative pressure switch 534 has not been found defective in S961 in the present control cycle, a negative deci- 
sion (NO) is obtained, and the control flow goes to S963 to determine whether the boosting limit of the vacuum booster 
517 has been reached. This determination is effected by cooperation of the booster negative pressure switch 534 and 
the master cylinder pressure switch 80. in the same manner as in the fifteenth embodiment. If the boosting limit has not 
been reached in the present control cycle, a negative decision (NO) is obtained, and the control flow goes to S964 in 

50 which a processing to terminate the pressure increase control is effected. Described in detail, this processing includes 
determining that the boosting limit has not been reached, generating a signal for de-energizing the solenoid 74 of the 
pressure control valve 22, generating a signal for de-energizing the solenoid 1 16 of the inflow control valve 138, and 
generating a signal for turning off the pump motor 1 14, as in S816-S8 19 shown in Fig. 62, If the boosting limit has been 
reached in the present control cycle, on the other hand, an affirmative decision (YES) is obtained in S963, and the con- 

55 trol flow goes to S965 in which the pressure increase control is effected. Described in detail, the pressure increase con- 
trol includes determining that the boosting limit has been reached, calculating the desired pressure difference AP 
corresponding to the amount of increase IP^ of the actual value of the master cylinder pressure Pj^ from the boosting 
limit Pmo (not from the fixed standard value, but from the varying actual value of the boosting limit Pmo)> calculating the 
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electric current I to be applied to the solenoid 74 of the pressure control valve 22, depending upon the desired pressure 
difference AR and applying the electric current I to control the pressure control valve 22. as in S827-S832 shown in Fig. 
62. The pressure Increase control further includes executing the Inflow control valve control routine of Fig. 65 to control 
the inflow control valve 138, and turning on the pump motor 11 4. In either case, one cycle of execution of the present 
5 routine is terminated. 

[0278] While the control flow where the booster negative pressure switch 534 is not defective has been described 
above, an affirmative decision (YES) is obtained in S962 where the switch 534 is defective. In this case, the control flow 
goes to S966 to calculate the vehicle deceleration value G. In this embodiment, the estimated vehicle speed is calcu- 
lated on the basis of the rotating speed of each wheel detected by the wheel speed sensors 1 12. during execution of 

w the above-indicated anti-lock brake pressure control routine stored in the ROM of the ECU 580. In S966. the vehicle 
deceleration value G is calculated as a time derivative of the estimated vehicle speed. Block diagram of Fig. 81 shows 
a process in which the vehicle deceleration value G is calculated from the detected wheel speeds. The output of each 
wheel speed sensor 1 12 is connected to the input side of estimated vehicle speed calculating means 582, and the out- 
put side of this estimated wheel speed calculating means 582 is connected to the input side of vehicle deceleration cal- 

15 culating means 584. A portion of the ECU 580 assigned to implement S966 corresponds to the vehicle deceleration 
calculating means 584. 

[0279] Then, the control flow goes to S967 to determine whether the boosting limit of the vacuum booster 51 7 has 
been reached. This determination is effected on the basis of the calculated vehicle deceleration value G. Described in 
detail, the determination is effected by determining whether the vehicle deceleration value G is equal to or higher than 

20 the reference value GO, which is expected to be established when the boosting limit of the vacuum booster 517 has 
been reached. If the vehicle deceleration value G is not equal to or higher than the reference value GO in this control 
cycle, a negative decision (NO) is obtained, and the control flow goes to S968 and the subsequent steps for effecting a 
processing to terminate the pressure increase control in the same manner as in S964. Described in detail, S968 is 
implemented to determine that the boosting limit of the vacuum booster 517 has not been reached. Then, the control 

25 flow goes to S969 to generate a signal for de-energizing the solenoid 74 of the pressure control valve 22. then to S970 
to generate a signal for de-energizing the solenoid 1 16 of the inflow control valve 138. and finally to S971 to generate 
a signal for turning off the pump motor 1 14. tf the vehicle deceleration value G is equal to or higher than the reference 
value GO in this control cycle, on the other hand, an affirmative decision (YES) is obtained in S967, and the control flow 
goes to S972 and the subsequent steps to effect the pressure increase control, in the same manner as in S965. 

30 Described in detail, S972 is implemented to determine that the boosting limit of the vacuum booster 517 has been 
reached. Then, the control flow goes to 8973 to calculate the desired pressure difference AP corresponding to the 
amount of increase IP^ of the actual value of the master cylinder pressure P^ from the boosting limit value Pmo (^rom 
the fixed standard value of the boosting limit value P^q) or the amount of increase IG of the actual value of the vehicle 
deceleration value G from the reference value GO (from the fixed value corresponding to the standard value of the 

35 boosting limit value Pmo)- A relationship between the amount of increase IPy or IG and the desired pressure difference 
AP is stored in the ROM as in the first embodiment. Then, 8974 is implemented to calculate the electric current I to be 
applied to the solenoid 74 of the pressure control valve 22, depending upon the desired pressure difference AP. The 
control flow then goes to 8975 to apply the electric current to the pressure control valve 22 for controlling the pressure 
control valve 22, to S976 to control the inflow control valve 138 according to the inflow control valve control routine 

40 shown in Fig. 65. and finally to S977 to turn on the pump motor 1 14. In either case, one cycle of execution of the present 
routine is terminated. 

[0280] Thus, the present embodiment is adapted to determine whether the boosting limit of the vacuum booster 51 7 
has been reached, even where the booster negative pressure switch 534 is defective, and to effect the pressure 
increase control of the brake cylinder 10 by activation of the pump 16 when the boosting limit has been reached. 
45 Accordingly, the present embodiment provides an advantage of improved reliability of the braking system in the event 
of a defect of the booster negative pressure switch 534. 

[0281 ] It will be understood from the foregoing explanation of the present embodiment that the wheel speed sensors 
112. the estimated vehicle speed calculating means 582 and the vehicle deceleration calculating means 584 (a portion 
of the ECU 580 assigned to implement S966 of Fig. 80) constitute an example of "vehicle deceleration detecting 

50 means", and that a portion of the ECU 580 assigned to implement 8961 -8963. 8967, 8968. 8972 constitutes an exam- 
ple of the "determining device". It will also be understood that a portion of the ECU 580 assigned to implement 8961- 
S962. S967, 8968 and 8972 constitutes an example of "defect determining means", while the pressure control valve 
22, punrp 16, pump motor 1 14, inflow control valve 138 and a portion of the ECU 580 assigned to implement 8964, 
8965, S969-S971 and 8973-8977 constitute an example of the "second boosting device". 

55 [0282] Then, a twenty-first embodiment of this invention will be described. Like the preceding twentieth embodiment, 
this embodiment is identical in mechanical arrangement with the fifteenth embodiment and is different only in electrical 
arrangement from the fifteenth embodiment, with respect to only the braking effect characteristic control routine. Only 
the elements specific to the present embodiment will be described in detail, but the elements identical with those of the 
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fifteenth embodiment will not be described in detail, with the same reference signs being given to those identical ele- 
ments. 

[0283] Fig. 82 shows an electrical arrangement of this embodiment. Unlike the fifteenth embodiment, the present 
embodiment uses an ECU 590 in place of the ECU 522. 

5 [0284] The graph of Fig. 83 shows a relationship among the brake operating force F. master cylinder pressure P^, 
vehicle deceleration value G and pressure Pq of the negative pressure chamber 528. As described above, there exists 
a relationship between the master cylinder pressure Pm and the vehicle deceleration value G that the vehicle deceler- 
ation value G increases with an increase in the master cylinder pressure P^- Further, the amount of increase AG of the 
vehicle deceleration value G is determined depending upon the amount of increase AP^ of the master cylinder pres- 

w sure Pm For instance, the relationship between the amount of increase AP^ and the amount of increase AG may be 
represented by the following equation: 

aG = (1/W)*K-aPm 

15 where, 

W: vehicle weight. 

K: coefficient determined by the specifications of the braking system. 

20 [0285] Therefore, if a reference amount of increase aP^q actual value of the master cylinder pressure P^ during 
a time from the moment when the pressure Py in the pressure changing chamber 528 has reached the above-indicated 
reference value Pyo to the moment when the boosting limit of the vacuum booster 517 has been reached has been 
determined, a reference amount of increase AGO is determined depending upon the determined reference amount of 
increase aPi^io- Accordingly, the determination that the boosting limit of the vacuum booster 51 7 has been reached can 

25 be made when the amount of increase AG of the actual value of the vehicle deceleration value G after the pressure Pv 
of the pressure changing chamber 528 has reached the reference value Pvo has become equal to the reference arriount 
of increase AGO. 

[0286] In the light of the above, the present embodiment is adapted such that the determination as to whether the 
boosting limit of the vacuum booster 51 7 has been reached is effected by the cooperation of the master cylinder pres- 

30 sure sensor 80 and the booster negative pressure switch 534, where the master cylinder pressure sensor 80 is normal, 
and such that the determination that the boosting limit of the vacuum booster 517 has been reached Is effected by coop- 
eration of the booster negative pressure switch 534 and vehicle deceleration detecting means used in place of the mas- 
ter cylinder pressure 80. where the master cylinder pressure sensor 80 is defective. -^^ 
[0287] The graph of Fig. 84 shows an advantage of the arrangement in which the determination that the boosting limit 

35 of the vacuum booster 517 has been reached is made when the amount of increase AG has reached the reference 
amount of increase AGO. The pressure Pv of the pressure changing chamber 528 when the brake operating force F is 
zero is equal to the pressure Pq of the negative pressure chamber 527. Therefore, the pressure Py of the pressure 
changing chamber 527 when the brake operating force F is zero changes with a change in the pressure Pq of the neg- 
ative pressure chamber 527, which change takes place due to a change in the pressure of the negative pressure source 

40 of the engine which communicates with the negative pressure chamber 527. In the graph, the change in the pressure 
Pv of the pressure changing chamber 528 is Indicated as "variation of booster negative pressure". The graph shows a 
case where the pressure Pv of the pressure changing chamber 528 is a standard level (as indicated by solid line), a 
case where the pressure Pv is higher than the standard level (as indicated by upper broken line), and a case where the 
pressure Pv is lower than the standard level (as indicated by lower broken line). 

45 [0288] Generally, a check valve is provided between the negative pressure source of the engine and the negative 
pressure chamber 527. to prevent a rise of the pressure Pq of the negative pressure chamber 527 with a rise of the 
pressure of the negative pressure source of the engine. Even in the presence of such a check valve, the pressure Pc 
of the negative pressure chamber 527 is lowered when the pressure of the negative pressure source of the engine is 
lowered. Accordingly, the pressure Pc of the negative pressure chamber 527 varies with a variation in the pressure of 

50 the negative pressure source of the engine. 

[0289] The intake pipe of the engine or a surge tank connected to the intake pipe may be selected as the negative 
pressure source of the engine. 

[0290] As the pressure Pv of the pressure changing chamber 528 varies, the master cylinder pressure P^ at which 
the boosting limit of the vacuum booster 517 has been actually reached varies with the variation In the pressure Pv- In 
55 the graph. "Pmq" represents the boosting limit value of the master cylinder pressure Pm when the pressure Pv of the 
pressure changing chamber 528 is the standard level, and "Pmi" and "Pjvia" represent the boosting limit values when 
the pressure Pv is higher and lower than the standard level, respectively The graph also shows the vehicle deceleration 
value G when the boosting limit of the vacuum booster 517 has been reached, in the above-indicated three cases. In 
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the graph, "GO". "G1 " and *'G2" represent the vehicle deceleration values G where the boosting limit values of the mas- 
ter cylinder pressure are equal to P^q, Pmi and P1V12, respectively. These vehicle deceleration values GO. G1 and 
G2 are obtained by adding the same amount of increase AG to the respective values when the pressure Pv of the pres- 
sure changing chamber 528 has reached the reference value Pyo- It is noted here that the amount of increase AG is 
5 equal to the above-indicated reference amount of increase AGO. Therefore, according to the arrangement wherein the 
determination that the boosting limit of the vacuum booster 517 has been reached is made when the amount of 
increase AG of the vehicle deceleration value G has become equal to the reference amount of increase AGO. the deter- 
mination can be correctly effected while taking into account of the variation in the pressure Pv of the pressure changing 
chamber 528. 

10 [0291 ] Accordingly, the present embodiment is capable of correctly determining whether the boosting limit of the vac- 
uum booster 51 7 has been reached, irrespective of the variation in the pressure Pv of the pressure changing chamber 
528. even where the master cylinder pressure sensor 80 is defective. Consequently, the present embodiment is effec- 
tive to prevent a variation in the brake cylinder pressure Pb for the same brake operating force F, assuring improved sta- 
bility in the braking effect. 

15 [0292] The braking effect characteristic control routine in the present embodiment is illustrated in the flow chart of Rg. 
85. 

[0293] Initially, step S1001 is implemented to check the master cylinder pressure sensor (indicated as "M/C pressure 
sensor" in the flow chart) 80 for any defect. Described in detail, the master cylinder pressure sensor 80 is checked for 
electrical disconnection or short-circuiting, as in S961 of Fig. 80 in the above-described twentieth embodiment. If the 

20 electrical disconnection or short-circuiting is found, the master cylinder pressure sensor 80 is found to be defective. 
Then, S1002 is implemented to determine whether the master cylinder pressure sensor 80 has been found defective in 
S1001 . If the master cylinder pressure sensor 80 has not been found defective in this control cycle, a negative decision 
(NO) is obtained, and the control flow goes to SI 003 to read the master cylinder pressure signal received from the mas- 
ter cylinder pressure sensor 80, and to SI 004 to read the booster negative pressure signal received from the booster 

25 negative pressure switch 534. Then, SI 005 is implemented to determine whether the kXDOSting limit of the vacuum 
booster 517 has been actually reached, on the basis of the master cylinder pressure signal and the booster negative 
pressure signal, in the same manner as in the fifteenth embodiment. That is, the determination is effected by determin- 
ing whether the actual master cylinder pressure Pm is equal to or higher than the boosting limit value P^o which varies 
with the pressure Pq of the negative pressure chamber 527. If the actual master cylinder pressure Pm is not equal to or 

30 higher than the boosting limit value Pmo in this control cycle, a negative decision (NO) is obtained, and the control flow 
goes to SI 006 to effect a processing to terminate the pressure increase control in the same manner as in S972 of the 
twentieth embodiment. If the actual master cylinder pressure P^ is equal to or higher than the boosting limit value P^q 
in this control cycle, on the other hand, an affirmative decision (YES) is obtained in S1005. and the control flow goes to 
SI 007 to effect the pressure increase control in the same manner as in S965 of the twentieth embodiment. In either 

35 case, SIOO8 is implemented to reset the control flag to "0". Thus, one cycle of execution of this routine is terminated. 
[0294] While the control flow where the master cylinder pressure sensor 80 is normal has been described, an affirm- 
ative decision (YES) is obtained in SI 002 where the master cylinder pressure sensor 80 is defective. In this case, 
SI 009 is then implemented to determine whether the brake switch 350 is in the ON state, that is, whether a braking 
operation is performed or not. If the brake switch 350 is not in the ON state in this control cycle, a negative decision (NO) 

40 is obtained, and the control flow goes to S1010 to reset the control flag to "0", and then goes to S101 1 to effect the 
processing to terminate the pressure increase control as in Si 006. Thus, one cycle of execution of the present routine 
is terminated. That is, the present embodiment is adapted such that if the booster switch 350 is not in the ON state, the 
processing to terminate the pressure increase control is immediately effected without determining whether the pressure 
increase control is necessary or not. Accordingly, the present arrangement prevents deterioration of the operating rell- 

45 ability of the braking system, which would occur when the determination as to the necessity of the pressure increase 
control was effected without the master cylinder pressure sensor 80. 

[0295] If the brake switch 350 is in the ON state in this control cycle, on the other hand, an affirmative decision (YES) 
is obtained in S1009, and the control flow goes to S1012 to determine whether the booster negative pressure switch 
534 is in the ON state. If the booster negative pressure switch 534 is not in the ON state in this control cycle, a negative 
50 decision (NO) is obtained, and the control flow goes to S1010 to reset the control flag to "0". and then goes to S101 1 
to effect the processing to terminate the pressure increase control. Thus, one cycle of execution of the present routine 
is terminated. 

[0296] If the booster negative pressure switch 534 is in the ON state in this control cycle, an affirmative decision (YES) 
is obtained in S1 01 2. and the control flow goes to S1 01 3 to calculate the vehicle deceleration value G in the same man- 
55 ner as in the twentieth embodiment. Then, S1014 is implemented to determine whether the control flag is set at "0". If 
the control flag is set at "0". an affirmative decision (YES) is obtained, and the control flow goes to SI 01 5 to set the cal- 
culated vehicle deceleration value G as a reference value G1 . Then. SI 01 6 is implemented to set the control flag to "1 
Successively, S101 7 is implemented to calculate the anrK)unt of increase AG by subtracting the reference value G1 from 
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the calculated vehicle deceleration value G. The control flow then goes to 81018 to determine whether the calculated 
amount of increase AG is equal to or larger than the above-indicated reference amount of increase AGO. If the calcu- 
lated arpount of increase AG is not equal to or larger than the reference amount of increase AGO, a negative decision 
(NO) is obtained, and the control flow goes to S1 01 1 to effect the processing to terminate the pressure increase control. 

5 Thus, one cycle of execution of the present routine is terminated. 

[0297] In the next cycle of execution of the present routine, the vehicle deceleration value G is newly calculated in 
S1013. Since the control flag is set at "1" in this control cycle, a negative decision (NO) is obtained in S1014. and the 
control flow goes to 8101 7. skipping 81015 and 81016. In 8101 7. the new amount of increase AG is calculated by sub- 
tracting the same reference value G1 as in the last cycle from the calculated vehicle deceleration value G. Then, 81018 

10 is implemented to determine whether the calculated amount of increase AG is equal to or larger than the reference 
amount of increase AGO. If the calculated amount of increase AG is equal to or larger than the reference amount of 
increase AGO in this control cycle, a negative decision (NO) is obtained in 81018. and the control flow goes to 81019 
in which the pressure increase control is effected as in 8972-8977 in the twentieth embodiment. Thus, one cycle of exe- 
cution of the present routine is terminated. 

15 [0298] In the present embodiment, therefore, it is possible to correctly determine that the boosting limit of the vacuum 
booster 51 7 has been actually reached, irrespective of a variation in the pressure Pq in the negative pressure chamber 
527, even when the master cylinder pressure sensor 80 is defective. 

[0299] It will be understood from the foregoing explanation of the present embodiment that the master cylinder pres- 
sure sensor 80 constitutes an example of "master-cylinder-pressure-directly-related quantity detecting means" and that 

20 the wheel speed sensors 112, estimated vehicle speed calculating means 582 and vehicle deceleration calculating 
means 584 (a portion of the ECU 590 assigned to implement 8101 3 of Fig. 85) constitute an example of "vehicle decel- 
eration calculating means". It will also be understood that a portion of the ECU 590 assigned to implement 81001- 
81 005. 81 008-81 010. 81012 and 81014-81018 of Fig. 85 constitutes an example of the "determining device", while a 
portion of the ECU 590 assigned to implement 81001, 81002. 81009. 81 010 and 81014-81018 constitutes an example 

25 of "defect determining means", and that the pressure control valve 22. pump 16. pump motor 1 14. inflow control valve 
138 and a portion of the ECU 590 assigned to implement 81006. 81007, 8101 1 and 81019 constitutes an example of 
the "second boosting device". v 
[0300] Then, a twenty-second embodiment of this invention will be described. However, this embodiment is identical 
in mechanical arrangement with the fifteenth embodiment (Fig. 48) and is different only in electrical arrangement from 

30 the fifteenth embodiment. Only the elements specific to the present embodiment will be described in detail, but the ele- 
ments identical with those of the fifteenth embodiment will not be described in detail, with the same reference signs 
being given to those identical elements. ^ . 

[0301] Fig. 86 shows an electrical arrangement of this embodiment. Unlike the fifteenth embodiment, the present 
embodiment uses an ECU 600 in place of the ECU 522. and additionally includes a warning device 602. The warning 

35 device 602. which is controlled by the ECU 600, is adapted to provide a visual, audio or tactual warning by light,.sound 
or vibration that the braking system has a certain abnormality. a 
[0302] The graph of Fig. 87 shows a relationship between the master cylinder pressure Pm and the pressure Pv of 
the pressure changing chamber 528, As the brake operating force F increases, the reduced pressure Pv of the pressure 
changing chamber 528 accordingly increases toward the atmospheric pressure, while the master cylinder pressure P^ 

40 increases from zero. Accordingly, there is a relationship as indicated by solid line Lq in the graph of the figure, between 
the master cylinder pressure P^ and the pressure Py of the pressure changing chamber 528, It is noted here that the 
pressure Pv of the pressure changing chamber 528 depends upon the pressure Pq of the negative pressure chamber 
527, which in turn depends upon the pressure of the negative pressure source of the engine (referred to as "engine neg- 
ative pressure"). The engine negative pressure varies depending upon the operating condition of the engine. Conse- 

45 quently. the pressure Pv of the negative pressure chamber 527 varies with a variation in the engine negative pressure. 
Accordingly the relationship between the master cylinder pressure Pm and the pressure Pv of the pressure changing 
chamber 528 is represented by a width area which are defined by two parallel one-dot chain lines and L2 in the graph 
and whose center is represented by the solid line Lq. The booster negative pressure switch 534 is switched between 
OFF and ON states indicative of two ranges of the pressure Py of the pressure changing chamber 528. The switch 534 

50 is in the OFF state when the pressure Pv is lower than the reference value Pvo. anci in the ON state when the pressure 
Pv is higher than the reference value Pvo- 

[0303] Therefore, there are the following five cases with respect to the master cylinder pressure P^ detected by the 
master cylinder pressure sensor 80 when the booster negative pressure switch 534 is in the ON state: 

55 (1) Where the vacuum booster 517. booster negative switch 534 and master cylinder pressure sensor 80 are all 
normal: 

In this case, the master cylinder pressure P^ detected by the master cylinder pressure sensor 80 when the 
booster negative pressure switch 534 is in the ON state lies in a band zone A between reference values PI and P2 
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indicated in the figure. 

(2) Where the vacuum booster 51 7 is defective, and the pressure in the pressure changing chamber 528 is not nor- 
mal: 

In this case wherein the booster negative pressure switch 534 is kept in the ON state irrespective of the 
s detected master cylinder pressure Pm, the detected master cylinder pressure lies in a band zone B in which the 
master cylinder pressure P^ is lower than in the band zone A. 

(3) Where the booster negative pressure switch 534 is defective: 

In this case, the detected master cylinder pressure P^ when the booster negative pressure switch 534 is in the 
ON state lies in the band zone B or in a band zone C in which the master cylinder pressure is higher than in the 
10 band zone A. 

(4) Where the master cylinder 14 (more precisely, one of the two mutually independent braking sub-systems in 
which the fluid pressure is detected by the master cylinder pressure sensor 80) is defective, and incapable of gen- 
erating a hydraulic pressure: 

In this case, the detected master cylinder pressure P^ when the booster negative pressure switch 534 is in the 
15 ON state is lower than the normal value, and lies in the zone B. 

(5) Where the master cylinder pressure switch 534 is defective: 

In this case, the detected master cylinder pressure Pm when the booster negative switch 534 is in the ON state 
lies in the zone B or C. 

20 [0304] Thus, it is possible to determine whether the elements of the braking system are all normal and which one of 
the elements is defective, by determining one of the zones A, B and C in which the master cylinder pressure P^ 
detected when the booster negative pressure switch 534 is in the ON state lies. 

[0305] It is noted that the zone in which the master cylinder pressure Pm lies when the vacuum booster 517, booster 
negative pressure switch 534, master cylinder 14 and master cylinder pressure sensor 80 are normal is precisely a par- 

25 allelogrammic zone defined by the two one-dot chain lines Li and L2, a horizontal axis L3 indicating the zero value of 
the pressure Py of the pressure changing chamber 528. and a broken line L4 indicating that the pressure Py of the pres- 
sure changing chamber 528 is equal to the reference value Pvo- In the present embodiment, however, only the two 
ranges of the pressure Py of the pressure changing chamber 528 which are lower and higher than the reference value 
Pvo. respectively, can be detected, as discussed above. In the present embodiment, therefore, the zone A is a rectan- 

30 gular zone defined by a solid line L5. a solid line Lq, the horizontal axis L3 and the broken line L4. The solid line L5 indi- 
cates that the master cylinder pressure Pm is equal to a reference value Pi which corresponds to an intersection point 
Qi between the upper one-dot chain line and the broken line L3, while the solid line indicates that the master cyl- 
inder pressure Pm is equal to a reference P2 which corresponds to an intersection point Q2 between the lower one-dot 
chain line L2 and the horizontal axis L4. 

35 [0306] In summary, the booster negative pressure signal of the booster negative switch 534. the master cylinder pres- 
sure signal of the master cylinder pressure sensor 80 and the operating sate of the braking system have a predeter- 
mined relationship, which can be utilized to determine whether the braking system is normal or defective. A routine for 
effecting this normal/defective determination is stored in the ROM of the ECU 590. 

[0307] This normal/defective determination routine is illustrated in the flow chart of Fig. 88. Initially, Si 101 is imple- 
40 mented to determine whether the booster negative pressure switch 534 is in the ON state. If the switch 534 is not in the 
ON state in this control cycle, a negative decision (NO) Is obtained, and one cycle of execution of the present routine is 
immediately terminated. 

[0308] If the booster negative pressure switch 534 is in the ON state in this control cycle, on the other hand, an affirm- 
ative decision (YES) is obtained in S1 1 01 , and the control flow goes to S1 102 to determine whether the detected mas- 

45 ter cylinder pressure Pm has been kept abnormally low being lower than the lower reference value P^ for more a 
predetermined time. If the master cylinder pressure Pm has not been kept abnormally low for more than the predeter- 
mined time in this control cycle, a negative decision (NO) is obtained, and the control flow goes to 81 103 to determine 
whether the detected master cylinder pressure Pm has been kept abnormally high being higher than the upper refer- 
ence value P2 for more than a predetermined time. If the master cylinder pressure Pm has not been kept abnormally 

50 high for more than the predetermined time in this control cycle, a negative decision (NO) is obtained, and the control 
flow goes to S1 104 to determine whether the detected master cylinder pressure Pm has been kept in a normal state in 
which the pressure Pm is equal to or higher than the reference value Pi and equal to or lower than the reference value 
P2. If the pressure Pm has not been kept in the normal state for more than the predetermined time in this control cycle, 
a negative decision (NO) is obtained, and one cycle of execution of the present routine is terminated. If the pressure Pm 

55 has been kept in the normal state for more than the predetermined time, an affirmative decision (YES) is obtained, and 
the control flow goes to Si 105 to determine that the braking system is in a normal state. Thus, one cycle of execution 
of the present routine is terminated. 

[0309] If the master cylinder pressure Pm has been kept abnormally low for more than the predetermined time in this 
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control cycle, an affirmative decision (YES) is obtained in S1102. If the master cylinder pressure Pm has been kept 
abnormally high for more than the predetermined time in this control cycle, an affirmative decision (YES) is obtained in 
S1 103. In either case, the control flow goes to S1 106 to determine that the braking system is in a defective state, and 
then goes to 81 107 in which the above-indicated warning device 602 is activated to provide a warning signal, warning 
5 the vehicle operator of some abnormality existing in the braking device. Thus, one cycle of execution of the present rou- 
tine is terminated. 

[0310] As described above, the present embodiment is advantageous in its capability of enabling the vehicle operator 
to promptly detecting a defect of the braking system, by utilizing the booster negative pressure switch 534 and the mas- 
ter cylinder pressure sensor 80 which are provided for increasing the pressure of the brake cylinder 10. 

10 [0311] In the present embodiment, the braking effect characteristic control routine is also stored in the ROM of the 
ECU 600. Since this routine is the same as the routine in the fifteenth embodiment, the description is omitted. 
[0312] There will next be described a twenty-third embodiment of this invention. Like the preceding twenty-second 
embodiment, this embodiment is identical in mechanical arrangement with the fifteenth embodiment, and is different 
only electrical arrangement from the fifteenth embodiment. Only the elements specific to the present embodiment will 

75 be described in detail, but the elements identical with those of the fifteenth embodiment will not be described in detail, 
with the same reference signs being given to those identical elements. Like the twenty-second embodiment, the present 
embodiment is provided with a device for effecting the normal/defective determination of the braking system. 
[0313] Fig. 89 shows an electrical arrangement of the present embodiment. Unlike the fifteenth embodiment, the 
present embodiment uses an ECU 610 in place of the ECU 522. and a booster negative pressure sensor 612 in place 

20 of the booster negative pressure switch 534. The booster negative pressure sensor 612 generates a booster negative 
pressure signal which continuously changes with a continuous change in the pressure Pv of the pressure changing 
chamber 528. Like the twentieth embodiment, the present embodiment additionally includes the warning device 620. 
[0314] Fig. 90 is a graph similar to that of Fig. 87. In the present embodiment wherein the booster negative pressure 
sensor 612 continuously detects the pressure Pv of the pressure changing chamber 528. the three zones A, B and C *■ 

25 are larger than in the twentieth embodiment. • . 

[0315] Described in detail. (1) where the vacuum booster 517, booster negative pressure sensor 612, master cylinder • - i.*: 

14 and master cylinder pressure sensor 80 are normal, the point corresponding to the pressure Py detected by the - * 
booster negative pressure 612 and the master cylinder pressure detected by the master cylinder pressure 80 lie in » ' 
the band zone A whose width corresponds to the variation in the engine negative pressure; (2) where the vacuum 

30 booster 517 is defective and the reduced pressure in the pressure changing chamber 528 is not normal, the point cor- . r 

responding to the detected pressures lies in the triangular zone B in which the master cylinder pressure P^ is. lower , "^r % 
than in the zone A; (3) where the booster negative pressure sensor 612 is defective, the point corresponding to the • • : 
detected pressures lies in either the zone B or the triangular zone C in which the master cylinder pressure P^ is higher - • - * 
than in the zone A; (4) where the master cylinder 14 (more precisely, one of the mutually independent two braking sub- z. 

35 systems in which the fluid pressure is detected by the master cylinder pressure sensor 80) is defective, incapable of " ^ 

generating a hydraulic pressure, the point corresponding to the detected pressures lies in the zone B; and (5) where the ^ ^^ 

master cylinder pressure sensor 80 is defective, the point corresponding to the detected pressures lies in the zone B or V 
C. 

[0316] Thus, it is possible to determine whether the elements of the braking system are all normal and which one of - ^ 

40 the elements is defective, by determining one of the zones A. B and C in which the point corresponding to the detected . * 

pressures lies. 

[031 7] Based on the above finding, therefore, a routine for effecting the normal/defective determination of the braking 
system is stored in the ROM of the ECU 610 in the present embodiment. 

[0318] This normal/defective determination routine is illustrated in the flow chart of Fig. 91. Initially, S1201 is imple- 
45 mented to determine whether the point corresponding to the detected pressures has been lying in the zone B for more 
than a predetermined time. If the point has not been lying in the Zone B for more than the predetermined time in this 
control cycle, a negative decision (NO) is obtained, and the control flow goes to SI 202 to determine whether the point 
corresponding the detected pressures has been lying in the zone C for more than a predetermined time, if the point has 
not been lying in the zone C for more than the predetermined time in this control cycle, a negative decision (NO) is 
50 obtained, and the control flow goes to S1203 to determine whether the point corresponding to the detected pressures 
has been lying in the zone A for more than a predetermined time in this control cycle, a negative decision (NO) is 
obtained, and one cycle of execution of the present routine is immediately terminated. If the point corresponding to the 
detected pressures has been lying in the zone A for more than the predetermined time in this control cycle, on the other 
hand, an affirmative decision (YES) is obtained in S 1 203. and the control flow goes to SI 204 to determine that the brak- 
55 ing system is in the normal state. Thus, one cycle of execution of the present routine is terminated. 

[0319] If the point corresponding to the detected pressures has been lying in the zone B for more than the predeter- 
mined time in this control cycle, on the other hand, an affirmative decision (YES) is obtained In S1201 . If the point has 
been lying in the zone C for more than the predetermined time in this control cycle, an affirmative decision (YES) is 
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obtained in S1202. In either of these cases, the control flow then goes to S1205 to determine that the braking system 
is in a defective state. Then, the control flow goes to S1206 in which the above-indicated warning device 602 is activated 
to provide a warning signal, warning the vehicle operator of some abnormality existing in the braking device. Thus, one 
cycle of execution of the present routine is terminated. 

5 [0320] As shown in Fig. 90. the zone A in this embodiment does not consist of an entire area between the zones B 
and C, and does not include an area D in which the detected master cylinder pressure Pm is equal to or lower than the 
reference value Pq. Unless the area D is excluded from the zone A, the braking system which is in fact In a defective 
state would be erroneously determined to be in a normal state, where the detected master cylinder pressure Pm is zero 
due to a defect in the master cylinder 14 or master cylinder pressure sensor 80. and while the point corresponding to 

10 the detected pressures is moved from the area D along the vertical axis in the upward direction as seen in the figure. 
The present embodiment is therefore adapted not to effect the normal/defective determination of the braking system as 
long as the point corresponding to the detected pressures lies in the area D. for preventing an erroneous determination 
and thereby improving the reliability of the normal/defective determination device. It is noted that while the present 
embodiment is adapted to execute the normal/defective determination routine irrespective of whether the detected 

15 master cylinder pressure P^ is equal to or lower than the reference value Pq or not, the embodiment may be modified 
not to effect the routine when the pressure P^ is equal to or lower than the reference value Pq, to prevent an erroneous 
determination. 

[0321] The pressure Pq of the negative pressure chamber 527 is not necessarily normal immediately after the start 
of the engine even where the vacuum booster 51 7 is free of any defect. That is, the pressure Pq upon starting of the 
20 engine may be higher than the normal value, and it takes a time for the pressure Pq to be lowered to the normal reduced 
value. Therefore, the present embodiment is arranged not to execute the normal/defective determination routine or not 
to output a result of the determination, until a predetermined reference time necessary for the pressure of the pressure 
changing chamber 527 to become equal to the normal value has passed after the start of the engine has been detected 
by an engine start sensor. Therefore, this embodiment prevents erroneous normal/defective determination of the brak- 
es ing system due to the pressure Py of the negative pressure chamber 527 upon starting of the engine, thereby improving 
the reliability of the normal/defective determination device. 

[0322] In the present routine, the braking effect characteristic control routine is also stored in the ROM of the ECU 
610. This routine, which is different from that in any of the preceding embodiments, uses the booster negative pressure 
sensor 612 to determine whether the boosting limit of the vacuum booster 517 has been actually reached. 

30 [0323] The braking effect characteristic control routine in this embodiment is illustrated in the flow chart of Fig. 92. 
initially, S1301 is implemented to read the booster negative pressure signal received from the booster negative pres- 
sure sensor 612. Then, SI 302 is implemented to calculate the pressure Pv of the pressure changing chamber 528 on 
the basis of the booster negative pressure signal, and determine whether the calculated pressure Py is equal to or 
higher than the atmospheric pressure Patm- pressure Pv is not equal to or higher than the atmospheric pressure 

^5 Patm ^^'S control cycle, a negative decision (NO) is obtained, and the control flow goes to SI 303 to determine that 
the boosting limit of the vacuum booster 51 7 has not been reached, and to effect the processing to terminate the pres- 
sure increase control. Thus, one cycle of execution of the present routine is terminated. 

[0324] If the pressure Py in the pressure changing chamber 528 is equal to or higher than the atmospheric pressure 
P^TM this control cycle, an affirmative decision (YES) is obtained in S1302, and the control flow goes to S1304 to 

40 determine that the boosting limit of the vacuum booster 51 7 has been reached, and to effect the pressure increase con- 
trol. In this pressure increase control, the above- indicated desired pressure difference aP is calculated depending upon 
the amount of increase IPm from the master cylinder pressure P^ detected by the master cylinder pressure sensor 80 
when the pressure Py of the pressure changing chamber 528 has reached the atmospheric pressure Patm* namely, 
when the boosting limit of the vacuum booster 51 7 has been reached. The pressure control valve 22 is controlled so as 

45 to establish the calculated desired pressure difference AP. Thus, one cycle of execution of the present routine is termi- 
nated. 

[0325] As described above, the present embodiment is advantageous in its capability of enabling the vehicle operator 
to promptly detecting a defect of the braking system, by utilizing the booster negative pressure sensor 61 2 and the mas- 
ter cylinder pressure sensor 80 which are provided for increasing the pressure of the brake cylinder 10. 
50 [0326] While the preceding twenty-second embodiment cannot effect the normal/defective determination of the brak- 
ing system unless the pressure Py of the pressure changing chamber 528 lies within the specified range, the present 
embodiment uses the booster negative pressure sensor 612 for continuously detecting the pressure Pv of the pressure 
changing chamber 528. In the present embodiment, therefore, it is always possible to effect the normal/defective deter- 
mination. 

55 [0327] Then, a twenty-fourth embodiment of this invention will be described. 

[0328] Fig. 93 shows the braking system according to the present embodiment. Like the preceding several embodi- 
ments, this braking system is installed on a four-wheel motor vehicle, and is provided with a vacuum booster 712 for 
boosting the operating force of the brake pedal 32 and transferring the boosted operating force to the master cylinder. 
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[0329] Like the preceding several embodiments, this braking system is further provided with an anti-lock brake pres- 
sure control device and a braking effect characteristic control device. The anti-lock brake pressure control device is a 
device for preventing an excessive locking tendency of each wheel during brake application to the motor vehicle. This 
anti-lock brake pressure control device has the pump 16 which circulates the working fluid within the braking pressure 

5 circuit. On the other hand, the braking effect characteristic control device is a device for controlling the braking effect 
characteristic which is a relationship between the brake operating force and the deceleration value of the vehicle body, 
while taking into account that the vacuum booster 712 has a boosting limit, so that the deceleration value of the vehicle 
body increases with the brake operating force during brake application to the motor vehicle, at a substantially constant 
rate before and after the boosting limit has been reached. This braking effect characteristic control device is operated 

w using the above-indicated pump 16. That is, the pump 16 is used commonly for the anti-lock brake pressure control 
device and the braking effect characteristic control device. 

[0330] The vacuum booster (hereinafter referred to simply as "booster") 712 has a construction similar to the conven- 
tional booster, as shown in Fig. 94. This construction will be described in detail by reference to the same figure, and the 
operation will be described in detail by reference to Figs. 95-99. 
15 [0331 ] The booster 71 2 has a hollow booster housing 715, as shown in Fig. 94. The space within the booster housing 
71 5 is divided by a power piston 71 6 into a negative pressure chamber 71 7 on the side of the master cylinder 1 4 and a 
pressure changing chamber 718 on the side of the brake pedal 32. The negative pressure chamber 717 is connected 
to an intake pipe of an engine or other negative pressure source in which there is generated a negative pressure by 
operation of the engine. 

20 [0332] The power piston 716 has (a) a hub 716a supported by the booster housing 715 such that the hub 716a is 
movable back and forth, and (b) a diaphragm 716b which is an annular disc that is mounted at its inner periphery on 
the hub 716a and attached at its outer periphery to the booster housing 715. On the diaphragm 716b, there is provided 
a stopper 716c for defining a maximum distance of backward movement of the diaphragm 716b relative to the booster 
housing 715. 

25 [0333] The hub 716a is slidably connected, at its end portion on the side of the master cylinder 14. to an end portion 
(a right-hand side end portion as viewed in the figure) of a booster piston rod 720 (an example of an output member) 
through a reaction disc 719 made of a rubber material. The other end portion (left-hand side end portion as viewed in 
the figure) of the booster piston rod 720 is linked with the pressurizing piston 14a of the master cylinder 14, so that the 
booster piston rod 720 transfers the operating force of the power piston 71 6 to the pressurizing piston 1 4a of the master 

30 cylinder 14. 

[0334] The hub 71 6a is linked, at its end portion on the side of the brake pedal 32. with the brake pedal 32 through 
an input member 721 . The input member 721 consists of a reaction rod 721a and a valve operating rod 721b which are 
coaxially connected to each other. The input member 721 is slidably connected at its reaction rod 721a to the hub:716a. 
and is linked at its valve operating rod 721b with the brake pedal 32 through a pedal operating mechanism not shown. 
35 The minimum and maximum distances of the reaction rod 721a to the hub 716a are defined by a stopper key 722 (an 
example of a stop). While the stopper key 722 extends through both the hub 716a and the reaction rod 721a, there are 
provided a large axial clearance between the reaction rod 721 a and the rear surface of the stopper key 722. and a small 
axial clearance between the hub 716a and the front surface of the stopper key 722. 

[0335] The front end of the reaction rod 721a is engageable with the reaction disc 719. When the booster 712 is 
40 placed in a non-operated state of Fig. 94, the reaction rod 721a is not in engagement with the reaction disc 719. When 
the booster 712 is placed in an operated position, the reaction rod 721a is in engagement with the reaction disc 719, as 
shown in Figs. 96-99. so that a reaction force of the booster piston rod 720 acts on the reaction rod 721a. 
[0336] Between the negative pressure chamber 717 and the pressure changing chamber 718, there is provided a 
valve mechanism 723 (an example of a power piston drive mechanism). The valve mechanism 723 is operated based 
45 on a relative movement between the valve operating rod 721b and the power piston 716, and includes a control valve 
723a, an air valve 723b, a vacuum valve 723c and a control valve spring 723d. The air valve 723b cooperates with the 
control valve 723a to selectively connect and disconnect the pressure changing chamber 718 to and from the atmos- 
phere. The air valve 723b is movable with the valve operating rod 721b. The control valve 723a is attached to the valve 
operating rod 721b such that the control valve 723a is biased by the control valve spring 723d in a direction for seating 
50 the control valve 723a onto the air valve 723b. The vacuum valve 723c cooperates with the control valve 723a to selec- 
tively connect and disconnect the pressure changing chamber 718 to and from the negative pressure chamber 717. 
The vacuum valve 723c is movable with the power piston 716. 

[0337] The hub 71 6a has a passage 724 for communication of the pressure changing chamber 717 with the negative 
pressure chamber 718 through the vacuum valve 723c, and a passage 725 for communication of the pressure changing 
55 chamber 718 with the atmosphere through the air valve 723b. The hub 71 6a further has an air cleaner element 726 dis- 
posed in a space at its end on the side of the brake pedal 32. Between the hub 716a and the booster housing 715, there 
is provided a return spring 727 for returning the power piston 716 to its fully retracted position. 
[0338] Then, the operation of the booster 712 will be explained by reference to Figs. 96-99. These figures show a 
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relevant portion of the booster 71 2 in enlargement. 

[0339] When the booster 712 is placed in the non-operated position, the control valve 723a is seated on the air valve 
723b and spaced apart from the vacuum valve 723c, as shown in Fig. 95, so that the pressure changing chamber 718 
is disconnected from the atmosphere and communicated with the negative pressure chamber 71 7. In this state, there- 

5 fore, both the negative pressure chamber 71 7 and the pressure changing chamber 718 have the same negative pres- 
sure due to a negative pressure (lower than the atmospheric pressure) in the negative pressure source. 
[0340] When the booster 712 is in a transient state, namely, while the brake pedal 32 is being operated to raise the 
master cylinder pressure, the valve operating rod 721b is moved toward the power piston 716, and the control valve 
723a is eventually seated onto the vacuum valve 723c, as shown in Fig. 96. so that the pressure changing chamber 718 

10 Is disconnected from the negative pressure chamber 717. When the valve operating rod 721b is subsequently moved 
a further distance toward the power piston 716. the air valve 723b is spaced apart from the control valve 723a. so that 
the pressure changing chamber 718 is communicated with the atmosphere. In this state, the pressure in the pressure 
changing chamber 718 is increased, causing a pressure difference between the negative pressure chamber 717 and 
the pressure changing chamber 718, so that the power piston 716 is operated by this pressure difference. 

75 [0341] While the booster 712 is kept in a hold state, that is, while the operating force of the brake pedal 32 is kept 
constant, the control valve 723a is seated on both the air valve 723b and the vacuum valve 723c, and the pressure 
changing chamber 71 8 is disconnected from both the negative pressure chamber 71 7 and the atmosphere, so that the 
pressure in the negative pressure chamber 71 7 is held constant. As a result, the operating force of the power piston 716 
is held constant. 

20 [0342] When the pressure in the pressure changing chamber 71 7 of the booster 71 2 has become equal to the atmos- 
pheric pressure, the boosting limit of the booster 712 has been reached. If the brake pedal 32 is further operated in this 
condition, the reaction rod 721a is advanced while depressing the reaction disc 719, without an advancing movement 
of the power piston. Consequently, the reaction rod 721 a is moved toward the power piston 716, and the axial clearance 
between the rear surface of the stopper key 722 and the reaction rod 721a is eventually eliminated, whereby the reac- 

25 tion rod 721 a is brought into abutting contact with the stopper key 722. At this time, the clearance between the front sur- 
face of the stopper key 722 and the hub 716a of the power piston 716 is also eliminated, whereby the reaction rod 721a 
is forced onto the hub 716a via the stopper key 722. In this condition, the booster 712 is in the maximum boosting state 
as shown in Fig. 98. When the brake pedal 32 is further operated in this state, the reaction rod 721a is advanced 
together with the power piston 716, and the operating force of the booster piston rod 720 is increased, so that the mas- 

30 ter cylinder pressure is increased. 

[0343] When the booster 712 is placed in a released state, that is, while the brake pedal 32 is being operated so as 
to lower the master cylinder pressure, the control valve 723a is seated on the air valve 723b and is spaced apart from 
the vacuum valve 723c, as shown in Fig. 99, so that the pressure changing chamber 718 is disconnected from the 
atmosphere and communicated with the negative pressure chamber 71 7. whereby the pressure of the pressure chang- 

35 ing chamber 718 is lowered. As a result, the pressure difference between the negative pressure chamber 717 and the 
pressure changing chamber 718 is reduced. 

[0344] The master cylinder 1 4 is of a tandem type wherein two pressurizing pistons 1 4a, 1 4b are slidably disposed in 
series with each other within a master cylinder housing 1 4e, as shown in Fig. 94. The two pressurizing pistons 14a, 14b 
are operated based on an output of the booster 712. so that the same hydraulic pressure is generated in pressurizing 

40 chambers 15c. 14d which are formed in front of the respective pressurizing pistons 14a, 14b. 

[0345] The one pressurizing chamber 1 4c is connected to the brake cylinder 1 0 for operating a brake for the front left 
wheel FL, and the brake cylinder 10 for operating a brake for the rear right wheel RR. The other pressurizing chamber 
14d is connected to the brake cylinder 10 for operating a brake for the front right wheel FR. and the brake cylinder 10 
for operating a brake for the rear left wheel RL. The brakes (disc type, drum type, etc.) are arranged such that friction 

45 members are forced by a force based on the hydraulic pressure, onto the friction surfaces of disc rotors rotating with the 
vehicle wheels, to restrain the rotations of the wheels. 

[0346] Thus, the present braking system is a diagonal type system having two mutually independent braking sub-sys- 
tems arranged diagonally with each other. Since these two braking sub-systems are identical with those in the fifteenth 
embodiments, detailed description of these sub-system is omitted, with the same reference numerals as used in the f if- 

50 teen embodiment being used in the present embodiment. 

[0347] Fig. 100 shows an electrical arrangement of the braking system. The braking system is provided with an ECU 
(electronic control unit) 730 which is principally constituted by a computer incorporating a CPU, a ROM and a RAM. The 
ROM stores a braking effect characteristic control routine (illustrated in the flow charts of Figs. 101-103). and an anti- 
lock brake pressure control routine (now shown). The CPU executes these routines, while utilizing the RAM, to effect 

55 the braking effect characteristic control and the anti-lock brake pressure control. 

[0348] To the input side of the ECU 730, there are connected an operating stroke sensor 732 (an example of an oper- 
ating-stroke-related quantity sensor), a booster pressure switch 734 (an example of a booster pressure sensor) and the 
above-indicated master cylinder pressure sensor 80 (an example of a master-cylinder-pressure-related quantity sen- 
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sor). The operating stroke sensor 732 is adapted to detect an operating stroke S of the brake pedal 32 and generates 
an operating stroke signal representative of the operating stroke S. The booster pressure switch 734 is a switch which 
generates two different booster pressure signals depending upon the pressure of the pressure changing channber 728. 
That is, the booster pressure switch 734 generates an OFF signal when the pressure in the pressure changing chamber 
5 71 8 is lower than the atmospheric pressure, and an OFF signal when the pressure is equal to or higher than the atmos- 
pheric pressure. 

[0349] To the output side of the ECU 730, on the other hand, there is connected the above-indicated pump motor 1 1 4, 
so that a ntotor drive signal is applied to the pump motor 1 1 4. Also connected to the output side of the ECU 730 are the 
solenoid 74 of the above-indicated pressure control valve 22. and the solenoids 116 of the pressure increasing valve 
10 40, pressure reducing valve 100 and inflow control valve 138. A current control signal is applied to the solenoid 74 of 
the pressure control valve 22, for linearly controlling the magnetic force of the solenoid 74. and ON/OFF drive signals 
are applied to the solenoids 116 of the pressure increasing valve 40, pressure reducing valve 50 and inflow control 
valve 138, to energize and de-energize the solenoids 116. 

[0350] While the braking effect characteristic control by the ECU 730 will be described, it will be briefly explained first. 

15 [0351] The boosting limit of the booster 712 is reached when the operating force F of the brake pedal 32 has 
increased to a certain value at which the pressure of the pressure changing chamber has been raised to the atmos- 
pheric pressure. After the boosting limit has been reached, the booster 712 is not able to boost the operating force F, 
and the braking effect characteristic would be deteriorated as indicated in the graph of Fig. 52. if no measures were 
taken. In view of this fact, the braking effect characteristic control is implemented. Described in detail, after the boosting 

20 limit of the booster 712 has been reached, the pump 16 is activated to cause the pressure in the brake cylinder 10 to 
be higher than the master cylinder pressure by an amount equal to a pressure difference AP (an amount of increase 
of the brake cylinder pressure Pq with respect to the master cylinder pressure Pm, as indicated in the graph of Fig. 54), 
as shown in the graph of Fig. 53. so that the braking effect is stabilized irrespective of whether the boosting limit of the 
booster 712 has been reached or not. 

25 [0352] In the present embodiment, the determination as to whether the boosting limit of the booster 712 has been ^ 
reached is effected by a method based on the signal of the booster pressure switch 734, and by a method based on the . * * . 
signals of the operating stroke sensor 732 and the master cylinder pressure sensor 80. The former method is based on . 
a fact that the boosting limit of the booster 71 2 has been reached when the pressure in the pressure changing chamber : ■ M 
718 has become equal to the atmospheric pressure. In this method, the boosting limit is detected by directly detecting .t.^ 

30 that the pressure of the pressure changing chamber 728 has become equal to the atmospheric pressure. 

[0353] On the other hand, the latter method is based on the characteristic of the booster 71 2 which will be described. 

[0354] The graph of Fig. 105 shows a relationship between the operating force F of the brake pedal 32. the master 

cylinder pressure P^ and the operating stroke S of the brake pedal 32. which relationship is established when the brake ;S§ 

pedal 32 is operated from the non-operated position. In the figure, "F1", "P1" and "SI" represent the operating force , ^ 

35 master cylinder pressure Pm and operating stroke S, respectively, when the kx)osting limit of the booster 712 has been 

reached. The present graph shows the characteristic of the booster corrfirmed by the present inventors, namely, an • . - 

abrupt temporary increase in a rate of increase dS/dP(^ of the operating stroke S with an increase of the master cylinder A ^ 

pressure Pf^, immediately after the boosting limit of the booster 71 2 has been reached. The rate of increase dS/dPM of :r.: > 

the operating stroke S at a point of time "i" before the boosting limit has been reached is represented by (dSi/dP^j), v /» 

40 while the rate of increase dS/dP^ at a point of time "j" after the boosting limit has been reached is represented by 
(dSj/dP^j). These rates of increase (dSi/dP^i) and (dSj/dP^j) satisfy the follovying inequality: 

(dSi/dPMi)<(dSj/dPMj) 

45 [0355] This characteristic is considered to exist for the following reason: 

[0356] After the pressure of the pressure changing chamber 718 has become equal to the atmospheric pressure dur- 
ing a braking operation, a further advancing movement of the input member 721 by a further operation of the brake 
pedal 32 will not cause an increase in the pressure difference between the negative pressure chamber 717 and the 
pressure changing chamber 718, nor will it cause an increase in the operating force of the power piston 716. Accord- 

50 ingly, the input member 721 alone is advanced. Before the input member 712 comes into abutting contact with the stop- 
per key 722. the input member 712 applies an operating force to the booster piston rod 720 in the direction for 
increasing the master cylinder pressure Pm- through the reaction disc 719, but not through the power piston 716. Con- 
sequently, the input member 712 locally contacts the reaction disc 719, before the input member 712 comes into abut- 
ting contact with the stopper key 822, so that the reaction disc 719 is easily depressed, with a result of increasing the 

55 amount of increase of the operating stroke of the input member 712 as compared with the amount of increase of the 
force applied to the reaction disc 71 9. namely, as conrpared with the amount of increase of the master cylinder pressure 
P^. Accordingly, the rate of increase of the operating stroke of the input member 721 with an increase in the master 
cylinder pressure P^. that is, the rate of increase dS/dPM of the operating stroke is made higher before abutting contact 
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of the input member 721 with the stopper key 722 after the boosting limit of the booster 712 has reached, than before 
the boosting limit has been reached. 

[0357] A further advancing movement of the input member 71 2 by a further operation of the brake pedal 32 will cause 
the input member 721 to comes into abutting contact with the stopper key 722. In this state, the input member 721 

5 applies an operating force to the booster piston rod 720 in the direction for increasing the master cylinder pressure P^, 
through the stopper key 722, power piston 716 and reaction disc 719. After the abutting contact of the input member 
721 with the stopper key 722. therefore, the input member 721 contact the entire surface of the reaction disc 719 
through the power piston 716, so that the reaction disc 719 will not be easily depressed. Consequently, the amount of 
increase of the operating stroke of the input member 721 is made smaller than the amount of increase of the force 

10 applied to the reaction disc 719. namely, the amount of increase of the master cylinder pressure Pm- After the abutting 
contact of the input member 721 with the stopper key 722, therefore, the rate of increase dS/dP^ of the operating stroke 
is lower than that before the abutting contact with the stopper key 722. after the boosting limit of the booster 712 has 
been reached. After the abutting contact of the input member 721 with the stopper key 722. the input member 721 is 
advanced together with the power piston 716 and the booster piston rod 720, so that the master cylinder pressure Pf^ 

15 is increased without boosting of the brake operating force by the booster 71 2, whereby the master cylinder pressure P(y| 
is increased with the operating force F, at a rate lower than that before the boosting limit has been reached. 
[0358] Since there exists the characteristic that the rate of increase dS/dPM of the operating stroke temporarily 
increases immediately after the boosting limit of the booster 712 has been reached, the input member 721 need not 
indirectly contact the booster piston rod 720 via the reaction disc 179 or directly contact the booster piston rod 720 

20 before the input member 721 comes into abutting contact with the stopper key 722. This characteristic exists for a 
booster of the type wherein the input member 721 indirectly or directly engages the booster piston rod 720 for the first 
time when the input member 721 has been brought into abutting contact with the stopper key 722, that is, for a booster 
of the type wherein the input member 721 does not directly or indirectly engages the booster piston rod 720 after the 
boosting limit of the booster 712 has been reached and before the input member 721 has been brought into abutting 

25 contact with the stopper key 722. 

[0359] While the characteristic of the booster 71 2 has been explained, the latter method described above utilizes this 
characteristic to determine whether the boosting limit has been reached. 

[0360] One example of the latter method is referred to as a relative determining method, which is adapted to deter- 
mine whether the present value of the rate of increase dS/dPy of the operating stroke during a braking operation is 

30 higher than the last value. However, the present embodiment employs an absolute determining method which is 
adapted to determine whether the rate of increase dS/dP^ of the operating stroke has become higher than a predeter- 
mined value X (an example of a predetermined value) during the braking operation. Where this absolute determining 
method is employed, there is a possibility that a determination that the boosting limit of the booster 712 has been 
reached is erroneously made even when the boosting limit has not In fact been reached, if there is a tendency that the 

35 rate of increase dS/dP^ of the operating stroke is relatively high immediately after the initiation of the braking operation, 
as indicated in Fig. 105, Based on a fact that the master cylinder pressure P^ is relatively high when the boosting limit 
of the booster 712 has been reached, the present embodiment is adapted to determine that the boosting limit of the 
booster 712 has been reached, when the rate of increase dS/dP^ of the operating stroke has exceeded the predeter- 
mined value X and when the master cylinder pressure P^ has exceeded a reference value P^ (an example of a refer- 

40 ence value). 

[0361 ] The condition that the rate of increase dS/dP^ of the operating stroke is higher than the predetermined value 
X is not satisfied throughout a time period after the boosting limit of the booster 712 has been reached, but is satisfied 
only temporarily immediately after the boosting limit has been reached. If a determination as to whether the above-indi- 
cated two conditions have been satisfied is effected after these two conditions are found to have satisfied simultane- 

45 ously, that is, after the determination that the boosting limit of the booster 712 has been reached is made for the first 
time, a determination that the boosting limit has not bee reached is erroneously made even when the boosting limit has 
been in fact reached. To avoid this, the present embodiment uses another rule for determining whether the boosting 
limit has been reached, after the above-indicated two conditions have been satisfied simultaneously for the first time. 
The application of this rule is not limited to a short time period immediately after the boosting limit has been limited, but 

50 the rule is applicable for correct determination throughout the time period after the boosting limit has been reached. 
Described in detail, a determination that the boosting limit of the booster 712 has been reached is made as long as the 
present value of the master cylinder pressure P{^ is higher than a reference value Pmo which is a value when the two 
conditions have been simultaneously satisfied for the first time. 

[0362] The present embodiment is further adapted to use the former method for the boosting limit determination when 
55 the booster pressure switch 734 is normal, and the latter method when the booster pressure switch 734 is defective. 
[0363] The braking effect characteristic control which has been briefly explained will be explained in detail by refer- 
ence to Figs. 101-103 illustrating a routine for the braking effect characteristic control. 

[0364] The present routine is repeatedly executed with a predetermined cycle time Tq after the ignition switch is oper- 
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ated by the vehicle operator from the OFF position to the ON position. In each cycle of execution of the routine. SI 31 1 
is initially implemented to read a master cylinder pressure signal received from the master cylinder pressure sensor 90. 
Then, S1312 is implemented to read an operating stroke signal received from the operating stroke sensor 732. Then, 
the control flow goes to S1313 to check if the booster pressure switch 734 is defective or not, that is. whether the 

5 booster pressure switch 734 suffers from electrical disconnection, short-circuiting or other defect. Successively, the 
control flow goes to 81314 to determine whether the booster pressure switch 734 has been found defective in S1313. 
If the booster pressure switch 734 is not defective in this control cycle, a negative decision (NO) is obtained, and the 
control flow goes to Si 315 to read a booster pressure signal received from the booster pressure switch 734. Then, 
S1316 is implemented to determine whether the boosting limit of the booster 712 has been reached (whether the 

10 booster 712 is not able to perform its boosting function, irrespective of whether the boosting limit has just been 
reached). This determination is effected on the basis of the booster pressure signal. Described in detail, if the pressure 
of the pressure changing chamber 718 is lower than the atmospheric pressure and the OFF signal is generated from 
the booster pressure switch 734, a determination that the boosting limit of the booster 712 has not been reached is 
made. If the pressure of the pressure changing chamber 718 has reached the atmospheric pressure and the ON signal 

15 is generated from the booster pressure switch 734. a determination that the boosting limit of the booster 712 has been 
reached is made. 

[0365] If the boosting limit of the booster 712 has not been reached in this control cycle, a negative decision (NO) is 
obtained, and the control flow goes to 81317 to effect the processing to terminate the pressure increase control. This 
processing in 81317 is effected according to a pressure increase control terminating processing routine illustrated in 

20 detail in the flow chart of Fig. 102. This processing routine is initiated with 81341 to generate a signal for de-energizing 
the solenoid 74 of the pressure control valve 22. Then. Si 342 is implemented to generate a signal for de-energizing the 
solenoid 1 1 6 of the inflow control valve 1 38. The control flow then goes to SI 343 to generate a signal for turning off the 
pump motor 1 14. Thus, one cycle of execution of the processing routine is terminated, and one cycle execution of the 
braking effect characteristic control routine is accordingly terminated. 

25 [0366] If the boosting limit of the booster 71 2 has been reached in the present control cycle, an affirmative decision 
(YES) is obtained in S1316, and the control flow goes to 81318 to effect the pressure increase control. This pressure 
increase control in Si 318 is effected according to a pressure increase control routine illustrated in detail in the flow 
chart of fig. 103. This pressure increase control routine is initiated with Si 351 to calculate a desired pressure difference 
aP between the master cylinder 14 and the brake cylinder 10, which is ah amount of increase of the brake cylinder pres- 

30 sure Pb from the master cylinder pressure Pm- This calculation is effected on the basis of the master cylinder pressure 
Pm detected in this control cycle. The ROM stores a relationship as shown in the graph of Fig. 64, between the desired 
pressure difference AP and an amount of increase IP^ of the present value of the master cylinder pressure P^ from the 
above-indicated reference value P^o (the master cylinder pressure P^ at which the decision in SI 31 6 is changed from 
"NO" to "YES"). The present value of the desired pressure difference AP is determined according to this relationship. 

35 The relationship is formulated so that the brake cylinder pressure Pb after the boosting limit of the booster 71 2 has been 
reached linearly increases with the operating force F at a rate equal to that before the boosting limit has been reached. 
[0367] Then, the control flow goes to 81 352 to determine the electric current I to be supplied to the solenoid 74 of the 
pressure control valve 22. on the basis of the determined desired pressure difference aP A relationship between the 
desired pressure difference AP and the solenoid electric current I is stored in the ROM, and the solenoid electric current 

40 I corresponding to the desired pressure difference AP is determined according to this relationship. Successively. SI 358 
Is implemented to apply the determined electric current I to the solenoid 74 of the pressure control valve 22, for control- 
ling the pressure control valve 22. Then, the control flow goes to 81354 to control the inflow control valve 138. The con- 
trol of the inflow control valve 138 is effected according to an inflow control valve control routine illustrated in detail in 
the flow chart of Fig. 65. 

45 [0368] Then, 81355 in Fig. 103 is implemented to generate a signal for turning on the pump motor 1 14, so that the 
working fluid is pumped up by the pump 16 from the reservoir 132. and is delivered to each brake cylinder 10. whereby 
the fluid pressure in the brake cylinder 10 is made higher than the master cylinder pressure P^ by the desired pressure 
difference AP. Thus, one cycle of execution of the pressure increase control routine is terminated, and one cycle of exe- 
cution of the braking effect characteristic control routine is accordingly terminated. 

50 [0369] While the operation where the booster pressure switch 734 is normal has been described, an affirmative deci- 
sion (YES) is obtained in 81314 of Fig. 101 if the booster pressure switch 734 is defective. In this case, the control flow 
goes to S1319 and the following steps. 

[0370] 81319 is implemented to determine whether a flag F is set at " V or not. This flag F is reset to "0" when power 
is applied to the computer. If the flag F is not set at "1" in this control cycle, a negative decision (NO) is obtained, and 
55 the control flow goes to Si 320 to calculate the rate of increase dS/dPM of the operating stroke, according to the follow- 
ing equation: 

dS/dP^ = (S(n) - S(n-1))/(PM(,j - P„(^ij) 
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wherein 

S(n) s present value of the operating stroke S. 
S(n-1 ) = last value of the operating stroke S, 
^ PM(n) = present value of the master cylinder pressure Pm, 
PM(n-i) = '3st value of the master cylinder pressure 

[0371] The numerator of the fraction of the right member in the above equation represents an amount of change of 
the operating stroke S per unit time Tq, while the denominator of the fraction represents an amount of change of the 

10 master cylinder pressure P^ per unit time Tq. 

[0372] Then, S1321 is implemented to determine whether the calculated rate of increase dS/dP^ of the operating 
stroke is higher than the predetermined value X. If the rate of increase dS/dP^ is not higher than the predetermined 
value X in this control cycle, a negative decision (NO) is obtained, and the control flow goes to S1323 to effect the 
processing to terminate the pressure increase control as in the above-indicated step S1317. Successively, S1324 is 

15 implemented to generate a signal for resetting the above-indicated flag F to "0". Thus, one cycle of execution of this 
braking effect characteristic control routine is terminated. 

[0373] If the calculated rate of increase dS/dP|vi of the operating stroke is higher than the predetermined value X, an 
affirmative decision (YES) is obtained in S1321, and the control flow goes to S1322 to determine whether the master 
cylinder pressure Pm is higher than a reference value Pa- If the master cylinder pressure Pm is not higher than the ref- 

20 erence value P^ in this control cycle, a negative decision (NO) is obtained, and the control flow goes to S1323. If the 
master cylinder pressure Pm is higher than the reference value P^ in this control cycle, an affirmative decision (YES) is 
obtained, and the control flow goes to S1325 to determine that the boosting limit of the booster 712 has just been 
reached. Then. 81 326 is implemented to set the above-indicated flag F to "1 That is, the flag F set at "1 " indicates that 
the decision that the boosting limit has just been reached has been obtained in Si 325. and the flag F set at "0" indicates 

25 that the decision that the boosting limit has just been reached has not been in Si 325. Then, S1327 is implemented to 
store in the RAM the present value of the master cylinder pressure Pm as the above-indicated reference value Pmo (the 
master cylinder pressure Pm when the decision that the boosting limit of the booster 712 has just been reached is 
obtained). The control flow then goes to SI 328 to effect the pressure increase control as in the above-indicated step 
S1318. Thus, one cycle of execution of this braking effect characteristic control is terminated. 

30 [0374] When the present routine is executed again, an affirmative decision (YES) is obtained in S1319 since the flag 
F is presently set at "1". the control flow goes to S1329, while skipping S1320-S1322 and S1325-S1327. to determine 
whether the present value of the master cylinder pressure Pm is higher than the above-indicated reference value Pmq. 
that is, whether the boosting limit of the booster 7 1 2 has been reached (whether the booster 7 1 2 is not able to perform 
its boosting function, with its boosting limit having been reached some time ago). If the master cylinder pressure Pm is 

35 higher than the reference value Pmo this control cycle, an affirmative decision (YES) is obtained, and the pressure 
increase control is effected in SI 328. If the master cylinder pressure Pm is not higher than the reference value Pmo. a 
negative decision (NO) is obtained, and the control flow goes to SI 323 to effect the processing to terminate the pres- 
sure increase control. Then, S1324 is implemented to reset the flag F to "0". Thus, one cycle of execution of the present 
routine is terminated. 

40 [0375] It will be understood from the foregoing explanation of this embodiment that the operating stroke sensor 732 
constitutes an example of an "operating-stroke-related quantity sensor, while the master cylinder pressure sensor 80 
constitutes an example of a "master-cylinder-pressure-related quantity sensor", and that a portion of the ECU 730 
assigned to implement S1311. S1312. S1319-S1322. S1324-S1327 and S1329 of Fig. 101 constitutes an example of 
'^boosting ratio reduction determining means". It will also be understood that a portion of the ECU 730 assigned to 

45 implement S131 1, S1312, S1320, S1321, S1322 and S1325 constitutes an example of "boosting limit reaching deter- 
mining means", while a portion of the ECU 730 assigned to implement SI 31 9. SI 324. SI 326. S1327 and Si 329 con- 
stitutes an example of "boosting-limit state determining means". It will further be understood that the booster pressure 
switch 734. the master cylinder pressure sensor 80 (sensor portion), a portion (control portion) of the ECU 730 
assigned to implement S1313-S1318. S1323 and S1328. the pressure control valve 22. the pump 16, the pump motor 

50 114 and the inflow control valve 1 38 (actuator portion) cooperate with each other to constitute an example of the "pres- 
sure increasing device", and that a portion of the ECU 730 assigned to implement Si 343 of Fig. 102 and Si 355 of Fig. 
103 constitutes an example of a "pump operating device". 
[0376] Then, a twenty-fifth embodiment of this invention will be described. 

[0377] Fig. 106 shows a braking system according to the present embodiment for a four-wheel motor vehicle. Like the 
55 preceding several embodiments, the present braking system is provided with a booster in the form of a vacuum booster 
812 (hereinafter referred to simply as "booster") disposed between the brake pedal 32 and the master cylinder 14. The 
braking system is further provided with an anti-lock brake pressure control device and a braking effect characteristic 
control device. The anti-lock brake pressure control device is a device for preventing an excessive locking tendency of 
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each wheel during brake application to the motor vehicle. This anti-lock brake pressure control device includes a pump 
16 operated to recirculate the working fluid in the braking pressure circuit. 

[0378] As described above, the booster 812 has a boosting limit, so that the master cylinder pressure does not 
increase with the brake operating force F at a constant rate, as indicated in the graph of Fig. 107. Accordingly, where 

5 the brake operating force F increases with time t at a substantially constant rate, the brake cylinder pressure Pb 
changes with the time, as indicated in the graph of Fig. 108. On the other hand, the braking effect characteristic control 
device is adapted to compensate a shortage of boosting of the booster 812 after its boosting limit has been reached, 
so as to control the braking effect characteristic, that is. the relationship between the brake operating force F and the 
brake cylinder pressure Pb. namely, the vehicle deceleration value G. so that the brake cylinder pressure Pb changes 

10 with the time as Indicated in the graph of Fig. 109. That is, the pump 16 is used for both the anti-lock brake pressure 
control device and the braking effect characteristic control device. 

[0379] The master cylinder 14 is a tandem type wherein two pressurising pistons 14a. 14b are slidably received in a 
master cylinder housing 14e, in series with each other, such that pressurizing chambers 14c, 14d are mutually inde- 
pendently formed in front of the respective pressurizing pistons 14a, 14b. This master cylinder is linked through the 

15 booster 812 to the brake pedal 32. 

[0380] The booster 812 has a booster housing 812a whose space is divided by a power piston 812b into a negative 
pressure chamber 812c communicating with the intake pipe of an engine which serves as a negative pressure source, 
and a pressure changing chamber 812c which is selectively communicated with the negative pressure chamber 812c 
and the atmosphere. The booster 812 is adapted to operate the master cylinder with the operating force F of the power 

20 piston 812b, based on a pressure difference between the negative pressure chamber 812c and the pressure changing 
chamber 81 2d. Thus, the operating force F of the brake pedal 32 is boosted by the booster 812. and the boosted oper- 
ating force is transferred to the master cylinder 14, so that the fluid pressure corresponding to the boosted operating 
force F is generated in each pressurizing chamber 14c, 14d. 

[0381] To the one pressurizing chamber 14c of the master cylinder 14. there is connected a first braking sub-system 
25 for the front left wheel FL and the rear right wheel RR of a first braking sub-system. To the other pressurizing chamber 
14d. there is connected a second braking sub-system for the front right wheel FR and the rear left wheel RL. l^hat is. 
this braking system is of a diagonal type having two braking sub-systems. Since the two braking sub-systems are iden- 
tical in construction with those in the preceding twenty-fourth embodiment, detailed description thereof will not b^ pro- 
vided, with the same reference signs being used. 
30 [0382] Fig. 1 10 shows an electrical arrangement of the braking system. The braking system is provided with an ECU 
(electronic control unit) 818 which is principally constituted by a computer incorporating a CPU. a ROM and a RAM;. The 
ROM stores various routines including a braking effect characteristic control routine (illustrated in the flow charts of 
Figs. 111-112). an operating stroke change amount detecting routine (illustrated in the flow chart of Fig. 1 1 3) and an 
anti-lock brake pressure control routine (not shown). The CPU executes these routines, while utilizing the RAM. to^effect 
35 the braking effect characteristic control and the anti-lock brake pressure control. 

[0383] To the input side of the ECU 818. there are connected the above-indicated operating stroke sensor 732, 
booster pressure switch 734 and wheel speed sensors 112. 

[0384] On the other hand, the above-indicated pump motor 1 14 is connected to the output side of the ECU 818, for 
applying a motor drive signal to the pump motor 1 14. To the output side of the ECU 818, there are further connected 
40 the solenoid 74 of the above-indicated pressure control valve 22 and the solenoids 1 16 of the above-indicated inflow 
control valve 1 38. pressure increasing valve 40 and pressure reducing valve 50. To each solenoid 74. 1 16, an ON/OFF 
drive signal is applied to energize or de-energize the solenoid. 

[0385] There will be described the braking effect characteristic control by the ECU 818. Initially, it will be briefly 
described. 

45 [0386] The functional block diagram of Fig. 114 shows an arrangement of the braking effect characteristic control 
device. The braking effect characteristic control device is provided with boosting limit reaching determining means 820. 
The boosting limit reaching determining means 820 determines, on the basis of the output signal of the booster pres- 
sure switch 734. that the boosting limit of the booster 812 has been reached, when the pressure of the negative pres- 
sure chamber 81 2d of the booster 812 has been raised to the atmospheric pressure. This boosting limit reaching 

50 determining means 820 is connected to pressure increase control initiating means 822 for generating a command for 
initiating the pressure increase control of the brake cylinder 10 when the boosting limit of the booster 81 2 is determined 
to have been reached. Namely, a condition that the boosting limit of the booster 812 has been reached is a "pressure 
increase control initiating condition** In the present embodiment 

[0387] The braking effect characteristic control device is further provided with pressure control mode determining 
55 means 824. This pressure control mode determining means 824 selects the pressure control mode for the brake cylin- 
der pressure Pb. from a rapid pressure increase mode, a slow pressure increase mode, a pressure hold mode, a slow 
pressure decrease mode and a rapid pressure decrease mode. This pressure control mode determining means 824 
has a pumping stop portion 826. a change amount calculating portion 828 and a mode determining portion 829. 
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[0388] The pumping stop portion 826 is connected to the inflow control valve 138. and is adapted to turn ON and OFF 
the solenoid 11 6 of the inflow control valve 1 38 with the time t, during the pressure increase control, as indicated in the 
time chart of Fig. 115. Described in detail, the pumping stop portion 826 holds the solenoid 1 16 in the OFF state for a 
predetermined time T1 during the pressure increase control, to inhibit the flow of the working fluid from the master cyl- 

5 inder 14 into the pump 16, for thereby stopping the pumping of the working fluid by the pump from the master cylinder, 
even while the pump 16 is held operated. The pumping stop portion 826 then holds the solenoid 1 16 in the ON state for 
a predetermined time T2. to permit the working fluid to flow from the master cylinder 14 into the pump 16, namely, per- 
mit the pumping of the working fluid by the pump 1 6 from the master cylinder 1 4 during operation of the pump 1 6. Sub- 
sequently, the pumping stop portion 826 alternately places the solenoid 116 in the ON and OFF states until the 

70 pressure increase by the pump 16 becomes unnecessary. 

[0389] On the other hand, the change amount calculating portion 828 is operated in synchronization with the pumping 
stop portion 826, to obtain the operating stroke S detected by the operating stroke sensor 732, as an initial value Ss at 
the time of initiation of the OFF state of the solenoid 116. and as a terminal value Se at the time of termination of the 
OFF state of the solenoid 1 16, as shown in Fig. 115. The obtained initial value Ss and terminal value Sg are stored in 

15 an Ss memory and an S^ memory (memory areas) of the RAM of the computer of the ECU 818, as schematically 
shown in Fig. 116. Further, the change amount calculating portion 826 calculates an amount of change AS by subtract- 
ing the initial value Ss from the terminal value Sg, as indicated in Fig. 1 15. The amount of change AS is calculated each 
time the pumping of the working fluid is stopped by the pumping stop portion 826. Only the last three values of the plu- 
rality of change amounts AS calculated are stored in ASn. ASn.i and ASn.2 memories, respectively, as shown in Fig. 

20 116. That is, the last value AS^ is stored in the ASn memory, and the first preceding value ASp.i is stored in the ASn.i 
memory, while the second preceding value AS^.a is stored in the ASr,.2 memory. 

[0390] In the present embodiment, the pumping by the pump 16 is permitted and inhibited by the inflow control valve 
138. at a predetermined time interval TO (= T1 + T2) after the pressure increase initiating condition has been satisfied, 
and the predetermined time T1 is the same for all pumping permitting and inhibiting cycles, namely, is held constant 
25 throughout the control. Accordingly, the amount of change AS directly represents the rate of change of an operating 
quantity in the form of the operating stroke S. 

[0391] The mode determining portion 829 determines the pressure control mode on the basis of the calculated 
amount of change AS. However, the mode determining means 829 determines the pressure control mode on the basis 
of a total amount of change L which is a sum of the above-indicated three amounts of change AS. IN the example of 

30 Fig. 1 15, a first amount of change AS1 , a second amount of change AS3 and a third amount of change aS3 in a pres- 
sure increase control are summed to obtain a first total amount of change I. Described in detail by reference to the table 
of Fig. 117, the mode determining means 829 selects the rapid increase mode when the total amount of change L is 
larger than a first reference value +Z^ . and selects the slow increase mode when the total amount of change I is equal 
to or smaller than the first reference value +L1 and is larger than a second reference value +12 (< +L1). Further, the 

35 mode determining means 829 selects the hold mode when the total amount of change L is equal to or smaller than the 
second reference value +L2 and is equal to or larger than a third reference value -£3, selects the slow pressure 
decrease mode when the total amount of change L is smaller than the third reference value -£3 and is equal to or larger 
than a fourth reference value -L4 (< -S3), and selects the rapid decrease mode when the total amount of change L is 
smaller than the fourth reference value -14. 

40 [0392] As shown in Fig. 114. the braking effect characteristic control device is further provided with actuator control 
state determining means 830. This actuator control state determining means 830 determine control states of the pres- 
sure control valve 22, pressure increasing valve 40 and pressure reducing valve 50 (hereinafter collectively referred to 
as "valve device") and a control state of the pump motor 1 1 4, on the basis of the pressure control mode which is deter- 
mined as described above by the pressure control mode determining means 824. Described more specifically, the actu- 

45 ator control state determining means 830 determines the ON and OFF states of the valve device 22, 40, 50 and the 
duty ratio of the pump motor 1 14. as indicated in Fig. 117. The duty ratio is defined as a ratio of an ON state time Tqn 
of the pump motor 1 14 to a duty-ratio control period Tcycle pump motor 114. 

[0393] Where the determined pressure control mode is the rapid pressure increase mode or slow pressure increase 
mode, the pressure control valve 22 is placed in the ON state while the pressure increasing valve 40 and the pressure 

50 reducing valve 50 are both placed in the OFF state, as indicated in Fig. 1 1 7. In this condition, the working fluid delivered 
from the pump 16 is entirely supplied to the brake cylinder 10, whereby the pressure of the brake cylinder 10 is 
increased. However, the duty ratio is determined to be higher where the determined pressure control mode is the rapid 
pressure increase mode than where the determined pressure control mode is the slow increase mode. In the present 
embodiment, the duty ratio is determined to be a first predetermined value of 100 (%) where the determined pressure 

55 control mode is the rapid pressure increase mode, and is determined to be a second predetermined value of 30 (%) 
where the determined pressure control mode is the slow pressure increase mode. Hence, the amount of delivery of the 
pump 1 6 is larger to increase the pressure of the brake cylinder 1 0 at a higher rate, in the rapid pressure increase mode 
than in the slow pressure increase mode, even though the valve device 22. 40, 50 is placed in the same state in the 
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rapid and low pressure increase modes. 

[0394] Where the determined pressure control mode is the hold mode, on the other hand, the pressure control valve 
22 is placed in the ON state, and the pressure increasing and reducing valves 40, 50 are both placed in the OFF state, 
as in the rapid and slow pressure increase modes, but the duty ratio is determined to be a third predetermined value of 
5 0 (%). As a result no working fluid is delivered from the pump 16. so that the brake cylinder pressure Pq is held con- 
stant. 

[0395] Where the determined pressure control mode is the slow or rapid pressure decrease mode, the pressure 
increasing and decreasing valves 40, 50 are both placed in the OFF state, and the duty ratio is determined to be a fourth 
predetermined value of 0 (%). so that no working fluid is delivered from the pump 16. Where the determined pressure 

10 control mode is the slow pressure decrease mode, the pressure control valve 22 is duty-controlled, that is. alternately 
placed in the ON and OFF states. Where the determined pressure control mode is the rapid pressure increase mode, 
the pressure control valve 22 is held in the OFF state. Therefore, where the determined pressure control mode is the 
rapid pressure decrease mode, the amount of the working fluid which is returned from the brake cylinder 10 to the mas- 
ter cylinder is larger to decrease the pressure of the brake cylinder 1 0 at a higher rate, than where the determined pres- 

15 sure control mode is the slow pressure decrease mode. 

[0396] While the actuator control state determining means 830 shown in Fig. 114 has been described, the braking 
effect characteristic control device rs further provided with control means 832 connected to that actuator control state 
determining means 830. This control means 832 is also connected to the above-indicated pressure increase control ini- 
tiating means 822. When a command to initiate a pressure increase operation is generated, the control means 832 con- 

20 trols the pressure control valve 20. pressure increasing and reducing valves 40, 50 and pump motor 114. so as to 
establish the determined pressure control mode and the determined duty ratio. 

[0397] The braking effect characteristic control which has been described briefly is executed according to the braking 

effect characteristic control routine illustrated in the flow charts of Figs. 111-112 and the operating stroke change ^ r;. 

amountdetectingroutineillustratedintheflowchartof Fig. 113. * r 

25 [0398] The braking effect characteristic control routine of Figs. 1 1 1 -1 1 2 is repeatedly executed after the ignition switch ^ /. . - - 

of the motor vehicle is turned on by the operator. Each cycle of execution of this routine is initiated with SI 401 to read ,j 
the booster pressure signal received from the booster pressure switch 734. Then, S1 402 is implemented to^determine. 
on the basis of the booster pressure signal, whether the boosting limit of the booster 812 has been reached, as - ^, -| 
described above. If the boosting limit of the booster 812 has not been reached in this control cycle, a negative decision ■ 1 

30 (NO) is obtained, and the control flow goes to SI 403 to generate a signal for de-energizing the solenoids 74,'vl 16 of the ^ 3 

valve device 22, 40, 50, so that the pressure control valve is opened while the pressure increasing and reducing^valves . ^ 

40. 50 are opened and closed, respectively Successively, SI 404 is implemented to generate a signal for de-energizing .... ? 
the solenoid 116 of the inflow control valve 138, so that the inflow control valve 138 is closed. Then. S1405 is imple- • > | 
mented to generate a signal for turning off the pump motor 114. Thus, one cycle of execution of this routine is;termi- ' : | 

35 nated. • ^ 

[0399] If the boosting limit of the booster 812 has been reached, on the other hand, an affirmative decision (YES) is . .4 

obtained in SI 402. and the control flow goes to SI 406 to determine the pressure control mode, as described above. 
[0400] A pressure control mode routine in SI 406 is illustrated in detail in the flow chart of Fig. 1 12. This routine is V'''^ * - - 

initiated with Si 421 to determine whether the three amounts of change ASn.2 (second preceding value). ASp-i (first pre- . ) 

40 ceding value) and ASp (last value) are stored in the RAM. If all of these amounts of change have not been stored yet. a 

negative decision (NO) is obtained, and the control flow goes to SI 422 to determine that the mode determination is ^ 
impossible in this control cycle. Then, SI 423 is implemented to establish a predetermined provisional mode. For exam- 
ple, the provisional mode may be the slow inaease mode. Thus, one cycle of execution of this routine is terminated. If 
the three amounts of change ASp.a. ASp.^ and ASp are stored in the RAM in this control cycle, an affirmative decision 

45 (YES) is obtained in S1 421 , and the control flow goes to SI 424 to read the three amounts of change ASn.2. ^^n-i and 
ASp from the RAM, and to SI 425 to calculate the total amount of change L. Then. S1426 is implemented to determine 
the pressure control mode depending upon the total change mount £, according to the relationship as indicated in Fig. 
1 1 7, as described above. Thus, one cycle of execution of this routine is terminated. 

[0401 ] While the braking effect characteristic control routine has bee described, there will next be described the oper- 

50 ating stroke change amount detecting routine of Fig. 113. 

[0402] This routine is repeatedly ^ecuted with a predetermined time cycle time TO as long as the brake pressure 
increase by the pump 1 16 is required, namely, for a period of time after the determination that the boosting limit of the 
booster 812 and until the determination that the boosting limit has not been reached. Each cycle of execution of the rou- 
tine is initiated with SI 501 to generate a signal for de-energizing the solenoid 1 16 of the inflow control valve 138. It is 

55 noted that the solenoid 116 is controlled not only in this routine also also in the inflow control valve control routine 
described above. Therefore, the present routine may require the inflow control valve 1 38 to be turned off while the inflow 
control valve 138 is placed in the ON state according to the inflow control valve control routine. The present embodiment 
is adapted to meet this requirement of turning off the inflow control valve according to the present routine. 
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[0403] Then, the control flow goes to S1502 to detect the initial value Ss of the operating stroke. Described in detail, 
the operating stroke signal from the operating stroke sensor 732 is read, and the initial value Ss of the operating stroke 
is calculated on the basis of this signal. The calculated initial value Ss is stored in the RAM. Then, the control flow goes 
to 81503 to wait until a predetermined time T1 has passed. After the predetermined time has passed, S1504 is imple- 
5 mented to detect the terminal value of the operating stroke, in the same manner used for the initial value Ss. and 
store the calculated terminal value S^ in the RAM. 

[0404] Successively. S1505 is implemented to subtract the detected initial value Ss from the detected terminal value 
Sg, to calculate an amount of change AS in this control cycle. Then, the control flow goes to S1506 to store in the above- 
indicated Sn.2 memory the amount of change ASp.^ which has been stored in the above-indicated S^.-i memory, and 
10 store in the Sp.i memory the amount of change ASn which has been stored in the Sn memory. Then, S1505 is imple- 
mented to store the calculated last amount of change AS in the Sn memory. Thus, the last three amounts of change 
ASn. '^Sp.i and ASn.2 are updated each time the last amount of change AS is calculated. 

[0405] Then, the control flow goes to Si 507 to terminate the generation of the signal for de-energizing the solenoid 
1 16 of the inflow control valve 138, so that the subsequent ON/OFF state of the solenoid 1 16 depends upon the inflow 
15 control valve control routine. That is. the solenoid 1 16 is energized and de-energized according to the ON and OFF sig- 
nals generated according to the inflow control valve control routine. Thus, one cycle of execution of the present routine 
is terminated. 

[0406] The cycle time of the present routine, which is the predetermined time period TO as described above, is equal 
to the sum of the predetermined times T1 and T2. When the inflow control valve 1 38 is placed in the ON state according 

20 to the inflow control vatve control routine, the inflow control valve 138 is held in the OFF state for the predetermined time 
T1 of the cycle time of this routine. In this case, therefore, the inflow control valve 138 is placed in the ON state for the 
rest of the cycle time, that is, for the time TO - T1 . which is equal to the predetermined time T2. 
[0407] The above-indicated anti-lock brake pressure control routine is formulated to prevent locking of each wheel 
during brake application to the motor vehicle, by selectively establishing a pressure increase state, a pressure hold 

25 state and a pressure decrease state, while monitoring the speed of each wheel and the running speed of the motor 
vehicle with the wheel speed sensors 1 1 2. In the pressure increase state, the pressure increasing valve 40 is placed in 
the open state while the pressure reducing valve 50 is placed in the closed state. In the pressure hold state, the pres- 
sure increasing and reducing valves 40, 50 are both placed in the closed state. In the pressure decrease state, the pres- 
sure increasing valve 40 is placed in the closed state while the pressure reducing valve 50 is placed in the open state. 

30 Further, the anti-lock brake pressure control routine is formulated to activate the pump 1 1 4 during the anti-lock brake 
pressure control operation, so that the working fluid pumped by the pump 16 from the reservoir 98 is returned to the 
primary passage 48. 

[0408] This anti-lock brake pressure control routine is executed irrespective of whether the braking effect character- 
istic control routine is executed or not. Accordingly, the anti-lock brake pressure control routine is executed if the locking 
35 tendency of each wheel becomes excessive due to an increase of the pressure of each brake cylinder 10 by the pump 
16. Thus, an excessive increase in the braking force for each wheel is prevented. 

[0409] it will be understood from the foregoing explanation that a portion of the ECU 818 assigned to implement 
SI 401 and Si 402 of Fig. 1 1 1 constitutes the boosting limit reaching determining means 820 and the pressure increase 
control initiating means 822. while a portion of the ECU 81 8 assigned to implement SI 406 constitutes the pressure con- 

40 trol mode determining means 824. and that a portion of the ECU 818 assigned to implement SI 501 . S1503 and S1507 
of Fig. 1 1 3 constitutes the pumping stop portion 826. It will also be understood that a portion of the ECU 81 8 assigned 
to implement S1421, S1424 and S1425 of Fig. 112 and S1502 and S1504-S1506 of Fig. 113 constitutes the change 
amount calculating portion 828. while a portion of the ECU 81 8 assigned to implement Si 422. Si 423 and SI 426 of Fig. 
1 1 2 constitutes the mode determining means 829. and that a portion of the ECU 81 8 assigned to inrplement 81 407 and 

45 S1408 of Fig. Ill constitutes the actuator control state determining means 830, while a portion of the ECU 818 
assigned to implement S1403-S1405, S1409 and S141 1 of Fig. 1 1 1 constitutes the control means 832. 
[0410] In the present embodiment, it will also be understood that the operating stroke sensor 732 constitutes "opera- 
tion-related quantity detecting means", while the "pressure increasing device" is constituted by a combination of the 
booster pressure switch 734 (sensor portion), the pressure control valve 22. the pressure increasing valve 40, the pres- 

50 sure reducing valve 50. the pump 16, the pump motor 1 14 (actuator portion), and a portion of the ECU 818 assigned to 
effect the braking effect characteristic control (control portion). It will further be understood that the pumping stop por- 
tion 826 constitutes "pumping stop means" and "inflow control valve utilizing type pumping stop means", while the 
change amount calculating portion 828. the mode determining portion 829, the actuator control state determining 
means 830 and the control means 832 cooperate to constitute "change rate depending type control means" and "pres- 

55 sure increase rate control means". 

[0411] Then, a twenty-sixth embodiment of the present invention will be described. Tliis embodiment has a number 
of elements which are identical with those of the preceding twenty-fifth embodiment and which are identified by the 
same reference signs as used in the twenty-fifth embodiment. Detailed description of these elements will not be pro- 
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vided. and only the elements specific to the present embodiment will be described in detail. 

[0412] Fig. 1 19 shows an arrangement of the braking system according to the present embodiment. IN this embodi- 
ment, an operating force sensor 840 is for detecting the operating force F of the brake pedal 32 and generating an oper- 
ating force signal indicative of the operating force F is provided in place of the above-indicated operating stroke sensor 

5 732. In the electrical arrangement of the braking system shown in Fig. 120, an ECU 842 is provided in place of the 
above-indicated ECU 818. The functional block diagram of Fig. 121 shows an arrangement of a braking effect charac- 
teristic control device of the present braking system. In the braking effect characteristic control device, pressure control 
mode determining means 850 including a pumping stop portion 844, a change amount calculating portion 846 and a 
mode determining portion 848 is provided in place of the pressure control mode determining means 824 including the 

10 above-indicated pumping stop portion 826, change amount calculating portion 828 and mode determining portion 829. 
A pressure control mode determining routine executed by a computer of the ECU 842 for the mode determining portion 
848 to perform its function is illustrated in the flow chart of Fig. 122. This routine is different from the pressure control 
mode determining routine (Fig. 1 12) in the preceding twenty-fifth embodiment, only in that an amount of change AF of 
the operating force F is used in place of the amount of change AS of the operating stroke S. Since this routine is iden- 

75 tical with that of the preceding embodiment in the other aspects, the description of the routine is omitted. The ROM of 
the computer of the ECU 842 stores an operating force change amount detecting routine illustrated in the flow chart of 
Fig. 123. This routine is different from the operating stroke change amount detecting routine (Rg. 1 1 3) in the preceding 
twenty-fifth embodiment, only in that the operating force F is used in place of the operating stroke S. Since the routine 
is identical with that of the preceding embodiment in the other aspects, the description of the routine is omitted. 

20 [0413] It will be understood from the foregoing explanation that a portion of the ECU 842 assigned to implement 
81401 and S1402 of Fig. 1 1 1 constitutes the boosting limit reaching determining means 820 and the pressure increase 
control initiating means 822. while a portion of the ECU 850 assigned to implement SI 406 constitutes the pressure con- 
trol mode determining means 824. and that a portion of the ECU 842 assigned to implement SI 701. SI 703 and SI 707 
of Fig. 123 constitutes the pumping stop portion 844. It will also be understood that a portion of the ECU 842 assigned 

25 to implement S1601, S1604 and S1605 of Fig. 122 and S1702 and S1704-S1706 of Fig. 123 constitutes the change 
amount calculating portion 828, while a portion of the ECU 842 assigned to implement S1602. S1603 and Sl606:of Fig. 
1 22 constitutes the mode determining means 844, and that a portion of the ECU 842 assigned to implement S1 407 and 
81408 of Fig. Ill constitutes the actuator control state determining means 830, while a portion of the ECU 842 
assigned to implement Si 403-SI 405, S1 409 and 81411 of Fig. 1 1 1 constitutes the control means 832. 

30 [0414] In the present embodiment, it will also be understood that the operating force sensor 840 constitutes "'/opera- 
tion-related quantity detecting means", while the "pressure increasing device" is constituted by a combination '^of the 
booster pressure switch 734 (sensor portion), the pressure control valve 22. the pressure increasing valve 40, the pres- 
sure reducing valve 50, the pump 16, the pump motor 114 (actuator portion), and a portion of the ECU 842 assigned to 
effect the braking effect characteristic control (control portion). It will further be understood that the pumping stop por- 

35 tlon 844 constitutes "pumping stop means" and "inflow control valve utilizing type pumping stop means", while the 
change amount calculating portion 846, the mode determining portion 848, the actuator control state determining 
means 830 and the control means 832 cooperate to constitute "change rate depending type control means" and "pres- 
sure increase rate control means". 

[0415] While the several embodiments of the present invention have been described above in detail based on the 
40 drawings, it is to be understood that the present invention may be othenwise embodied with various changes and 
improvements which may occur based on the knowledge off those skilled in the art. without departing from the scope of 
the invention defined by the claims. 
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Claims 

1 . A braking system characterized by comprising: 



a brake operating member operated by an operator of a motor vehicle; 

a master cylinder for generating a fluid pressure based on an operation of said brake operating member; 
50 a brake Including a brake cylinder which is connected through a primary passage to said master cylinder and 

which Is activated by the fluid pressure supplied through said primary passage, to restrain rotation of a wheel 
of the motor vehicle; and 

a pressure increasing device for generating the fluid pressure in said brake cylinder, which is higher than the 
fluid pressure in said master cylinder, said pressure increasing device including 



(a) a fluid flow control device which is disposed in said primary passage and which has a plurality of selec- 
tively established states including a first state for permitting flows of a working fluid in opposite directions 
between said master cylinder and said brake cylinder, and a second state for inhibiting at least the flow of 
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the fluid from said brake cylinder toward said master cylinder, 

(b) a hydraulic pressure source connected through an auxiliary passage to a portion of said primary pas- 
sage between said fluid flow control device and said brake cylinder, 

(c) a hydraulic pressure source control device for commanding said hydraulic pressure source to deliver 
5 the working fluid when the fluid pressure in said brake cylinder is required to be higher than the fluid pres- 
sure in said master cylinder during operation of said brake operating member, and 

(d) a pressure changing device for changing the fluid pressure in said brake cylinder to a level higher than 
that in said master cylinder, depending upon an operating force of said brake operating member. 

10 2. A braking system according to claim 1 , wherein said fluid flow control device and said pressure changing device is 
constituted by a pressure control device disposed in said primary passage and operated while the working fluid is 
supplied thereto from said hydraulic pressure source such that said pressure control device is placed in said sec- 
ond state when a second fluid pressure on a brake cylinder side of said pressure control device is higher than a first 
pressure on a master cylinder side of said pressure control device by a difference which is equal or smaller than a 

15 desired pressure difference value, and placed in said first state when said second fluid pressure is higher than said 
first pressure and when said difference is larger than said desired pressure difference value, whereby said second 
pressure is controlled to be higher than said first fluid pressure by said desired pressure difference value. 

3. A braking system according to claim 1 , further comprising a booster which is disposed between said brake operat- 
20 ing member and said master cylinder, to boost an operating force of said brake operating member and transmit the 
boosted operating force to the master cylinder, and wherein said hydraulic pressure source control device includes 
post-boosting-abnormality control means for commanding said hydraulic pressure source to deliver the working 
fluid when the booster is not normally functioning to perform a boosting operation. 

25 4. A braking system according to claim 2, wherein said pressure control device includes (a) an electromagnetic pres- 
sure control valve having a valve member and a valve seat for controlling flows of the working fluid through said 
primary passage between the master cylinder side and the brake cylinder side, and magnetic force generating 
means for generating a magnetic force which acts on at least one of the valve member and the valve seat, for con- 
trolling a relative movement between the valve member and the valve seat, so that said desired pressure difference 

30 value changes on the basis of the magnetic force, and (b) a magnetic force control device for controlling said nrrag- 
netic force. 

5. A braking system according to claim 4, wherein said hydraulic pressure source is a pump which sucks the working 
fluid on its suction side and delivers the working fluid from its delivery side which is connected through said auxiliary 

35 passage to said primary passage, the braking system further comprising an automatic hydraulic pressure control 
device for automatically controlling the fluid pressure in said brake cylinder, said automatic hydraulic pressure con- 
trol device including (a) a reservoir which is connected to the suction side of said pump through a pump passage 
and which stores the working fluid, and (b) an electromagnetic hydraulic pressure control device which are con- 
nected to a portion of said primary passage between said brake cylinder and a point of connection thereof to said 

40 auxiliary passage, said electromagnetic hydraulic pressure control device having a plurality of selectively estab- 
lished states including a state for communication of said brake cylinder with the delivery side of said pump, and a 
state for communication of said brake cylinder with said reservoir, and wherein said magnetic force control device 
includes automatic magnetic force control device for controlling said magnetic force of said pressure control device 
so as to hold the valve member seated on the valve seat for thereby inhibiting the flow of the working fluid from said 

45 pump toward said master cylinder, during operation of said automatic hydraulic pressure control device. 

6. A braking system according to claim 2, wherein said pressure control device includes a mechanical pressure con- 
trol device including (a) a valve member and a valve seat for controlling fluid flows through said primary passage 
between the master cylinder side and the brake cylinder side, and (b) a stepped piston having a large-diameter por- 

50 tion and a small-diameter portion which receive said first fluid pressure and said second fluid pressure, respec- 
tively, in opposite directions, said stepped piston generating a mechanical force acting on at least one of said valve 
member and said valve seat, for controlling a relative movement between the valve member and the valve seat, 
said pressure difference value changing on the basis of pressure-receiving areas of said large-diameter and small- 
diameter portions of the piston and said first fluid pressure. 

55 

7. A braking system according to claim 1 , wherein said hydraulic pressure source is a pump which sucks the working 
fluid on its suction side and delivers the working fluid from its delivery side which is connected through said auxiliary 
passage to said primary passage, the braking system further comprising a fluid supply device which is connected 
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to an upstream portion of said primary fluid passage between said master cylinder and said fluid flow control device 
and to the suction side of said pump, for supplying the working fluid from said upstream portion to the suction side 
of said pump, without reduction of the pressure of the working fluid. 

5 8. A braking system according to claim 1 , further comprising a booster disposed between said brake operating mem- 
ber and said master cylinder, for boosting an operating force of the brake operating member and transmitting the 
boosted operating force to the master cylinder, and wherein said hydraulic pressure source control device includes 
post-boosting-limit control means for commanding said hydraulic pressure source to deliver the working fluid after 
a boosting limit of said booster has been reached. 



9. A braking system according to claim 8, wherein said pressure changing device includes means operated after said 
boosting limit of said booster has been reached, for changing the fluid pressure in said brake cylinder with the oper- 
ating force of said brake operating member, such that a rate of change of the fluid pressure in said brake cylinder 
with the operating force after said boosting limit has been reached is substantially equal to that before said boosting 

75 - limit has been reached. 

10. A braking system according to claim 1 , wherein said pressure increasing device further includes a brake-operating- 
force-related quantity sensor for detecting a quantity relating to the operating force of said brake operating member, 
and said hydraulic pressure control device includes post-reference-value control means for commanding said 

20 hydraulic pressure source to deliver the working fluid after said quantity has reached a reference value. 

11. A braking system according to claim 10, wherein said brake-operating-force-related quantity sensor includes a 
vehicle deceleration sensor for detecting a deceleration value of a body of the motor vehicle. 

25 1 2. A braking system according to claim 1 0, wherein said pressure increasing device includes a plurality of said brake- . ^> .c?. 
operating-force-related quantity sensors. .^ ^ v 

13. A braking system according to claim 12, wherein said hydraulic pressure control device includes fail-safe means for ?f 

commanding said hydraulic pressure source to deliver the working fluid after the brake-operating-force-related /. i 

30 quantity detected by a first sensor consisting of predetermined at least one of said plurality of brakeroperating- - -'yX'^f^^ 
force-related quantity sensors has reached said reference value, when said first sensor is normal, and command- 
ing said hydraulic pressure source to deliver the working fluid after the brake-operating-force-related quantity 

detected by a second sensor consisting of at least one of said plurality of brake-operating-force-related quantity . . y. t 

sensors which is different from said first sensor has reached said predetermined value, when said first sensor is '| 

35 not normal. » ^ r 



10 



14. 



A braking system according to claim 13, wherein said plurality of brake-operating-force-related quantity sensors 
includes a master cylinder pressure sensor for detecting the fluid pressure of said master cylinder, and a vehicle 
deceleration sensor for detecting a deceleration value of a body of the motor vehicle, said first sensor including said 
master cylinder pressure sensor, and said second sensor including said vehicle deceleration sensor. 




40 



45 



15. A braking system according to claim 12, wherein said hydraulic pressure source control device includes fail-safe 
means for commanding said hydraulic pressure source to deliver the working fluid when all of the brake-operating- 
force-related quantities detected by said plurality of brake-operating-fbrce-related quantity sensors have reached 
respective reference values. 



50 



16. A braking system according to claim 15, wherein said plurality of brake-operating-force-related quantity sensors 
include a master cylinder pressure sensor for detecting the fluid pressure of said master cylinder, and a brake oper- 
ation sensor for detecting an operation of said brake operating member, said fail-safe means including first means 
for commanding said hydraulic pressure source control device to deliver the working fluid when the fluid pressure 
of the master cylinder detected by said master cylinder pressure sensor has reached said reference value and 
when the operation of said brake operating member is detected by said brake operation sensor. 



55 



17. A braking system according to claim 16. wherein said plurality of brake-operating-force-related quantity sensors 
further include a vehicle deceleration sensor for detecting a deceleration value of a body of the motor vehicle, and 
said first means commands said hydraulic pressure source to deliver the working fluid when the fluid pressure of 
the master cylinder detected by said master cylinder pressure sensor has reached said reference value and when 
the operation of said brake operating member is detected by said brake operation sensor, where said brake oper- 
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ation sensor is normal, said fail-safe means including second means for commanding said hydraulic pressure 
source to deliver the working fluid when the fluid pressure of the master cylinder detected by said master cylinder 
pressure sensor has reached said reference value and when the deceleration value of the body of the motor vehicle 
detected by said vehicle deceleration sensor has reached said reference value, where said brake operation sensor 
5 is not normal. 

18. A braking system according to claim 1, wherein said pressure Increasing device includes (a) vehicle stationary 
state detecting means for detecting that the motor vehicle is in a stationary state, and (b) operation initiation control 
means for operating such that an operation of the pressure increasing device is less likely to be initiated when the 

10 stationary state of the motor vehicle is detected than when the stationary state is not detected. 

19. A braking system according to claim 18. wherein said pressure increasing device further includes a brake-operat- 
ing-force-related quantity sensor for detecting a quantity relating to an operating force of said brake operating mem- 
ber, and said hydraulic pressure source control device includes post-reference-value control means for 

15 commanding said hydraulic pressure source to deliver the working fluid when the brake-operating-force- related 
quantity has reached a reference value, said operation initiation control means includes reference value determin- 
ing means for determining said reference value such that said brake-operating-force-related quantity is less likely 
to have reached said reference value when said stationary state of the motor vehicle is detected than when said 
stationary state is not detected. 

20 

20. A braking system according to claim 1, further comprising: 

a vacuum booster for boosting the operating force of said brake operating member by a pressure difference 
between a negative pressure chamber and a pressure changing chamber which is selectively communicated 
25 with the negative pressure chamber and an atmosphere, and transferring the boosted operating force to said 

master cylinder; 

booster-pressure-related quantity detecting means for detecting a quantity relating to at least one of pressures 
in said negative pressure chamber and said pressure changing chamber, and generating a signal representa- 
tive of said quantity; and 

30 a determining device for determining, on the basis of the output signal of said booster-pressure-related quan- 

tity detecting means, whether a boosting limit of said vacuum booster has been reached as a result of an 
increase of the pressure of said pressure changing chamber to an atmospheric pressure, 
and wherein said pressure increasing device increases the pressure in said brake cylinder when said deter- 
mining device determines that the boosting limit of the vacuum booster has been reached. 

35 

21. A braking system according to claim 20, further comprising master-cylinder-pressure-related quantity detecting 
means for detecting a quantity relating to the fluid pressure of said master cylinder and generating a signal repre- 
sentative of this quantity, and wherein said determining device includes means for determining whether the boost- 
ing limit of said vacuum booster has been reached, on the basis of the output signals of said master-cylinder- 

40 pressure-related quantity detecting means and said booster-pressure-related quantity detecting means. 

22. A braking system according to claim 20. wherein said booster-pressure-related quantity detecting means includes 
pressure-changing-chamber-pressure-related quantity detecting means for detecting a quantity relating to the 
pressure of said pressure changing chamber and generating a signal representative of this quantity, said braking 

45 system further comprising master-cylinder-pressure-related quantity detecting means for detecting a quantity relat- 
ing to the fluid pressure of said master cylinder and generating a signal representative of this quantity and wherein 
said determining device includes first determining means for determining whether the boosting limit of said vacuum 
booster has been reached, on the basis of the output signals of said pressure-changing-chamber-pressure-related 
quantity detecting means and said booster-pressure-related quantity detecting means. 

50 

23. A braking system according to claim 22, wherein said first determining means includes means for determining that 
the boosting limit of said vacuum booster has been reached, when an actual amount of increase of the fluid pres- 
sure of said master cylinder after the pressure of said pressure changing chamber has reached a reference value 
has become equal to an expected amount of increase thereof during a period of increase of the pressure of the 

55 pressure changing chamber from said reference value to an atmospheric pressure. 

24. A braking system according to claim 20. wherein said booster-pressure-related quantity detecting means includes 
pressure-changing-chamber-pressure-related quantity detecting means for detecting a quantity relating to the 
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pressure of said pressure changing chamber and generating a signal representative of this quantity, and said deter- 
mining device includes second determining means for determining, on the basis of the output signal of said pres- 
sure-changing-chamber-pressure-related quantity detecting means, that the boosting limit of said vacuum booster 
has been reached, when the pressure of said pressure changing chamber has increased to an atmospheric pres- 
5 sure. 

25. A braking system according to claim 20, wherein said booster-pressure-related quantity detecting means includes 
negative-pressure-chamber-pressure-related quantity detecting means for detecting a quantity relating to the pres- 
sure of said negative pressure chamber and generating a signal representative of this quantity, said braking system 

10 further comprising master-cylinder-pressure-related quantity detecting means for detecting a quantity relating to 
the fluid pressure of said master cylinder and generating a signal representative of this quantity, said determining 
means including third determining means for determining whether the boosting of said vacuum booster has been 
reached, on the basis of the output signals of said negative-pressure-chamber-pressure-related quantity detecting 
means and said master-cylinder-pressure-related quantity detecting means. 

IS 

26. A braking system according to claim 25. wherein said third determining means includes means for determining that 
the boosting limit of said vacuum booster has been reached, when the actual fluid pressure of said master cylinder 
has increased to a value which is expected to be established when the pressure of said pressure changing cham- 
ber has increased to an atmospheric pressure under the actual pressure of said negative pressure chamber. 

20 

27. A braking system according to claim 20. wherein said booster-pressure-related quantity detecting means includes 
a pressure switch which is subjected to the pressure of at least one of said negative pressure chamber and said 
pressure changing chamber and which generates respective two different signals when the pressure is higher and 
not higher than a predetermined value. i, 

25 

28. A braking system according to claim 21 or 25. wherein said master-cylinder-pressure-related quantity detecting 
means includes vehicle deceleration detecting means for detecting a deceleration value of the motor vehicle as the 
quantity relating to the fluid pressure of said master cylinder and generating an output signal representative of this 
quantity 

30 

29. A braking system according to claim 21 or 25, wherein said master-cylinder -pressure- related quantity detecting 
means includes (a) vehicle deceleration detecting means for detecting a deceleration value of the motor vehicle as 
the quantity relating to the fluid pressure of said master cylinder and generating a signal representative of this 
quantity, and (b) master-cylinder-pressure-directly-related quantity detecting means for detecting a quantity which 

35 more directly relates to the fluid pressure of said master cylinder than said deceleration value of the motor vehicle, 
and wherein said determining device determines whether said tx)OSting limit has been reached, on the basis of the 
output signals of said master-cylinder-pressure-directly-related quantity detecting means and said booster-pres- 
sure-related quantity detecting means, when said master-cylinder-pressure-directly-related quantity detecting 
means is normal, and determines whether said boosting limit has been reached, on the basis of the output signals 

40 of said vehicle deceleration detecting means and said booster-pressure-related quantity detecting means, when 
said master-cylinder-pressure-directly-related quantity detecting means is defective. 

30. A braking system according to claim 22, wherein said master cylinder-pressure-related quantity detecting means 
includes (a) vehicle deceleration detecting means for detecting a deceleration value of the motor vehicle as the 

45 quantity relating to the fluid pressure of said master cylinder and generating a signal representative of this quantity, 
and (b) master-cylinder-pressure-directly-related quantity detecting means for detecting a quantity which more 
directly relates to the fluid pressure of said master cylinder than said deceleration value of the motor vehicle, and 
wherein said first determining means is operated on the basis of the output signals of said master-cyilnder-pres- 
sure-directly-related quantity detecting means and said pressure-changing-chamber-pressure-related quantity 

50 detecting means, where said master cylinder-pressure-directly-related quantity detecting means is normal, to 
determine that the boosting limit of said vacuum booster has been reached, when an actual amount of increase of 
the fluid pressure of said master cylinder after the pressure of said pressure changing chamber has reached a ref- 
erence value has become equal to an expected amount of increase thereof during a period of increase of the pres- 
sure of the pressure changing chamber from said reference value to an atmospheric pressure, and operated on the 

55 basis of said vehicle deceleration detecting means and said pressure-changing-chamber-pressure-related quantity 
detecting means, where said mastercylinder-pressure-directly-related quantity detecting means Is defective, to 
determine that the lx>osting limit of said vacuum booster has been reached, when an actual amount of increase of 
the deceleration value of the motor vehicle after the pressure of the pressure changing chamber has reached the 
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reference value has become equal to an expected amount of increase thereof during a period of increase of the 
pressure of the pressure changing chamber from said reference value to the atmospheric pressure. 

31 . A braking system according to claim 20, further comprising vehicle deceleration detecting means for detecting a 
5 deceleration value of the motor vehicle as the quantity relating to the fluid pressure of said master cylinder and gen- 

erating a signal representative of this quantity, and wherein said determining device determines whether said 
boosting limit has been reached, on the basis of at least the output signal of said vehicle deceleration detecting 
means, where said booster-pressure-related quantity detecting means is defective. 

10 32. A braking system according to claim 1 . further comprising: 

a booster for boosting the operating force of said brake operating member and transferring the boosted oper- 
ating force to said master cylinder; 

an operating-stroke-related quantity sensor for detecting a quantity relating to an operating stroke of said brake 
15 operating member; 

a master-cylinder-pressure-r elated quantity sensor for detecting a quantity relating to the fluid pressure of said 
master cylinder; and 

boosting limit reaching determining means for determining, on the basis of signals of said operating-stroke- 
related quantity sensor and said master-cylinder-pressure-related quantity sensor, that a boosting limit of said 
20 booster has been reached, when a rate of increase of said operating stroke with an increase in the fluid pres- 

sure in said master cylinder has exceeded a predetermined value after said operating stroke or the fluid pres- 
sure of said master cylinder has exceeded a reference value. 

and wherein said pressure increasing device is operated to increase the pressure in said brake cylinder when 
said boosting limit reaching determining means determines that the boosting limit of the booster has been 
25 reached. 

33. A braking system according to claim 7. wherein said master cylinder has a pressurizing chamber formed between 
a master cylinder housing and a pressurizing piston slidabty received in the master cylinder housing, said braking 
system further comprising operation-related quantity detecting means for detecting an operation amount consisting 

30 of at least one of an operating force and an operating stroke of said brake operating member, and wherein said 
pressure increasing device is adapted such that said pump is activated to pump up the working fluid from the pres- 
surizing chamber of said master cylinder and deliver the working fluid toward the brake cylinder to thereby increase 
the fluid pressure of the brake cylinder to be higher than the fluid pressure of the master cylinder, after a pressure 
increase initiating condition is satisfied during an operation of the brake operating member, while at least a flow of 

35 the working fluid from said brake cylinder toward said master cylinder is inhibited by said fluid flow control device, 
and such that pumping of the working fluid by said pump is temporarily stopped at least once after said pressure 
increase initiating condition is satisfied, said pressure increasing device controlling the fluid pressure of said brake 
cylinder on the basis of at least one value detected by said operation-related quantity detecting means while the 
pumping is stopped. 
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